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Abstract 
Maintenance has a significant impact on the business strategy of power organisations. Maintenance of power 
plants aims to promote safe, cost effective, and reliable electricity supplies. This kind of maintenance has 
complex activities and requires highly skilled maintenance staff; therefore, proper utilisation of technology is 
critical to achieve both plant safety and availability. The implementation of modern maintenance strategies has a 
positive impact on improving reliability and performance of power assets. Total Productive Maintenance (TPM) 
is an ideal approach to support the development and implementation of operation performance improvement. 
Implementation of TPM programmes needs effective leadership and strategic planning skills. However, there has 
been almost no research applied in this area within Middle-East power plants. The power industry in the United 
Arab Emirates is in the early stages adapting proactive maintenance programmes, and the aim of this research is 
to thus investigate the critical factors that affect successful implementation of TPM programme in the Abu Dhabi 
power industry environment. The study is focused in the unique context of Abu Dhabi power organisations, and 
seeks to formulate critical success factors and enablers for overcoming barriers and obstacles to successful TPM 
implementation. To achieve the aim of this research, the researcher utilises a design of exploratory sequential 
mixed methods, starting with a qualitative approach. Semi-structured interviews were conducted with 16 
employees, (including senior management, middle managers and senior engineers) to identify the technical and 
cultural barriers that could affect TPM implementation across power plants. The quantitative approach included a 
questionnaire which was distributed to 250 employees, comprising engineers, maintenance planners, technicians, 
and operators using a hand-delivered questionnaire. Structural equation modelling, using partial least squares path 
analysis (SmartPLS software version 3.0), was performed to test the hypothesised model. A sample of both 
approaches comprising three participant organisations was selected based on their experience in operations and 
maintenance of power plants, particularly in the power sector and included power generation, transmission as 
well as distribution organisations. In short, the empirical results confirmed the role of organisational culture and 
structural employee empowerment in participation of autonomous maintenance. Furthermore, this research is the 
first empirical study to examine the potential impact of organisational culture and structural empowerment on 
autonomous maintenance (operators) participation in maintenance activities in the context of the Abu Dhabi 
power industry.   
A novel approach combining TPM with prognostic and RCM models has been developed. The researcher utilised 
a simulation approach (ReliaSoft’s Weibull simulation + Availability Workbench (AWB) Monte Carlo 
simulation) to appraise the impact of effective prognostic techniques and examine the role of reliability centred 
maintenance (RCM) on successful participation of autonomous maintenance (operators) in power plants using 
maintenance optimisation models based on artificial intelligence (AI) technologies. Historical data (degradation 
measurements + maintenance costs) from power transformers for critical power distribution substations were 
collated to conduct the simulation approach. The analysis is based on degradation analysis, and failure mode 
effective and criticality analysis (FMECA). Based on the analysis, remaining useful life (RUL) of critical power 
assets (transformer paper insulation) was determined and preventive maintenance (PM) intervals and costs of 
transformer tap changers (OLTCs) were optimised. Simulation results are presented to verify the analytical 
approach and validate proposed operational procedures. The proposed maintenance optimisation models 
performed good simulation results, and the latter show that the proposed models are really a new contribution in 
the area of TPM implementation in the power industry. Moreover, the integration of AI technologies with TPM 
implementation has enhanced the practice and theory of autonomous maintenance empowerment across power 
plants. The novelty of model is to build a proposed approach and solution based on operational steps and 
utilisation of a simulation model to empower and enable operator’s participation in maintenance activities in the 
power industry. With respect to the simulation results of power transformers, the findings can contribute towards 
improved equipment operations and successful implementation of TPM in power organisations. Furthermore, 
based on the study findings cumulatively, an innovative operational framework with detailed plans for TPM 
implementation was developed and formulated. This research has made several original contributions to 
knowledge in the parlance of maintenance management, with particular reference to TPM implementation across 
Abu Dhabi-based power industry organisations. The main contribution is the demonstration and establishment of 
a sound practical approach and model to integrate methods and principles of AI technologies within prognostic, 
RCM and TPM to support operators in decision making through identifying new policies for machine 
maintenance or assessment and enhancement of existing maintenance plans and costs. The model also delivers 
guidelines to operators for executing a practical, operational framework for TPM implementation.  
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1.1 Introduction   
Effective maintenance management is essential to keep companies profitable and 
competitive across all industry sectors. Machines and equipment that are poorly 
maintained usually entail unexpected breakdowns that lead to them being used less 
frequently and, consequently, decreased productivity (Kang and Subramaniam, 2018; 
Metso et al., 2018). Modern advanced-manufacturing (e.g. sustainable/ reconfigurable 
manufacturing and mass customisation) require more “informed” policies related to 
maintenance (Xia et al., 2018). The most common definition of maintenance is the sum 
of administrative and technical actions (including supervisory actions) aimed either at 
keeping equipment running or repairing/ restoring it sufficiently to enable it to perform 
its intended tasks (Braglia et al., 2019). Old-fashioned and essentially “uneconomic” 
definitions consider maintenance to be nothing more than a cost. However, more 
recently, maintenance has come to be regarded contributing to profits and providing 
value for firms (Singh et al., 2018; Jain et al., 2015). Firms understand that 
maintenance activities must be fully integrated into their corporate strategies to fulfil 
safety requirements, ensure equipment is available, produce high-quality products, 
ensure on-time deliveries, and enable pricing that is competitive in the market 
(Velmurugan and Dhingra, 2015; Singh and Sharma, 2014). Maintenance significantly 
impacts profit. For example, maintenance costs can account for 15–70% of operation 
costs, while improper maintenance (or carrying out maintenance tasks that are not 
needed) accounts for approximately 30% of total maintenance costs (Braglia et al., 
2019). Thus, it is vital for companies to develop appropriate maintenance actions and 
schedules for all plant and equipment. There are various strategies and policies (like 
predictive maintenance, reliability-centered maintenance (RCM), total productive 
maintenance (TPM), etc.) that can be adopted to achieve this, which can be used in 
many industrial systems (Munir et al., 2019; Hemmati et al., 2018; Singh et al., 2016).  
Until recently, organisations - both industrial and services - have faced a myriad of 
challenges within burgeoning competitive global marketplaces, in an attempt to 
optimise their performance, and to ensure their survival. Their aims can be achieved by 
making incremental and continuous improvements in operations as well as processes, 
reducing the cost of services or products, increasing productivity within acceptable 
quality levels, and ensuring satisfactory prices. These challenges often coerce 
industrial companies to drift away from old style management systems and leverage a 
Optimising Total Productive Maintenance (TPM) and Asset Management Strategies through Artificial Intelligence 
(AI) Technologies: the Development and Enhancement of Abu Dhabi Power Networks 
3 
   
modern approach to manage operations for making continuous improvements; in that 
parlance, they place considerable focus on internal and external customers. Industrial 
companies could accomplish these objectives by adopting effective management 
systems for their quality techniques and management philosophies; hence, these 
systems can help companies deliver high customer satisfaction levels. Many authors 
consider senior management as the most significant factor in ensuring the successful 
implementation of management systems (Hokoma et al., 2005). The upper 
management committee’s approval of effective management systems is imperative to 
enable staff to overcome barriers to the successful implementation of processes and 
operations, particularly within the Abu Dhabi power industry environment.  
Traditionally, the role of maintenance has been relegated as an assistive function that 
does not have any influence on either productivity or business values. However, over 
the past few decades, industrial organisations have utilised a myriad of approaches to 
drive continuous improvements for maintenance activities. According to Bamber et al. 
(1999), asset maintenance of industrial companies is a vital element of their operations. 
They noted that applying an efficacious maintenance strategy can have a lasting 
impact, and play a significant role in adding value to operational activities. Therefore, 
industrial organisations put their best foot forward in delivering world-class 
performance by implementing an effective maintenance strategy such as the Total 
Productive Maintenance (TPM) programme (Willmott and McCarthy, 2001). Further, 
many authors (Willmott, 1994a; Bamber, 1999; Womack and Jones, 2003; Chan et al., 
2005; Graisa and Al-Habaibeh, 2011; Anspinwall and Elgharib, 2013; Bakri et al., 
2014b; Andersson et al., 2015; Hooi and Leong, 2017) have described TPM as a 
component that makes a significant contribution towards lean industrial work. Along 
with just-in-time (JIT) (Danese et al., 2017) and total quality management (TQM) 
(Dale et al., 2016) it becomes one of the three indispensable pillars for industrial 
companies that are aiming at world-class performance (Cua et al., 2001; Cheng and 
Lai, 2012). Analogously, Sharp and Kutucuoglu (1997) said that effective maintenance 
programmes can have a positive impact on the profitability of organisations through 
improved plant efficiency, availability, performance, quality, and reliability. Therefore, 
implementing TPM as part of an effective maintenance strategy can add significant 
value to any business activity (Bamber et al., 1999). Furthermore, within the power 
industry, maintenance plays an essential role in maximising reliability and availability 
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of power plants. Adequate maintenance of power assets has become imperative due to 
the multitude of risks in operational, environmental and financial aspects, among 
others. According to the Ware (2006), electrical maintenance is undertaken for many 
reasons: to prevent hazards, decrease unit costs, and increase the availability as well as 
reliability of power plants. Subsequently, there is a compelling case for the notion that 
organisations can enhance their performance significantly by adopting best practice in 
maintenance management. However, this can only be accomplished when there is a 
comprehensive framework that would enable them to critically appraise their 
maintenance strategies. Furthermore, most industrial assets are hazardous and can 
harm operators in the event that faults occur. Therefore, the European Agency for 
Safety and Health at Work (2014) clarified that adequate maintenance can eliminate 
hazards and augment safety levels in the workplace. This assumes significance because 
it is a ubiquitously known that inadequate maintenance can cause catastrophic 
accidents and equipment failures; Taylor (1997) analogously claims that effective 
maintenance, can identify faults quickly and accurately, thereby leading to better and 
safer operations. In power organisations, business strategies are significantly impacted 
by approaches to maintenance. The promotion of essential factors like a reliable, safe 
and cost-effective power supply is the primary aim of maintenance of power plants. 
Such maintenance is complex in nature, and requires that proficiently skilled 
maintenance staff ensure power availability and plant safety by utilising critical 
technologies (Reiman and Oedewald, 2004). Power systems are categorised into three 
parts as per the areas of operation: generation, transmission and distribution systems. 
The function of generation is to generate electricity while the transmission function is 
to transmit this electricity to the distribution system which then distributes it to 
consumers (e.g., industrial, commercial, and residential). Power distribution utilities 
strive to provide a stable and reliable electricity supply to their clients to survive in a 
competitive power market. The electric power distribution system is used to distribute 
electricity to consumers through electrical substations. These substations have 
electrical assets which follow a process to deliver power to houses, commercial 
buildings and factories. Furthermore, a power transformer is used to step-up or step-
down voltage level within power systems. It is a critical asset in the power industry 
due to its potential effect that a fault could have in form of operation, environment, 
safety, and cost (Hernandez and Labib, 2017). Figure 1.1 shows the scheme of power 
system with three power transformers (PTRs). 
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Source: (Roncero-Clemente and Roanes-Lozano, 2018) 
 
Kelly (2006) stated that selecting successful maintenance strategies necessitates a good 
knowledge of equipment failure behaviour and best practice in maintenance 
management. However, the main problem with this explanation is that the criteria for 
selecting maintenance strategies need further investigation by maintenance managers. 
They would do well to ask themselves as to why equipment fails, how it fails and 
when it fails. Subsequently, they can select the right blend of maintenance strategies to 
maximise service delivery and performance. Shenoy and Bhadury (1998) assert that 
the main objectives of maintenance are to increase equipment availability with low 
resource costs, whilst extending the lifetime of equipment. However, they concede that 
there is no indication that underpins performance and quality of maintenance tasks as 
one of the primary objectives of maintenance. According to Cua et al. (2001), modern 
maintenance techniques like TPM have a significant positive relationship with high 
levels of quality, low costs, and strong performance. Yamashina (2000) stated that 
TPM is part of TQM, adding that they are the two main pillars that lend support to the 
production system through JIT. Similarly, Kelly (2006) noted that maintenance 
strategies must comprehensively define the main problems associated with industrial 
plants, such as determining maintenance objectives, formulating life plans for 
equipment, creating maintenance planning schedules, setting up maintenance 
organisations, and building appropriate control systems. Crespo Márquez et al. (2009) 
revealed that the process of maintenance management is categorised into two parts: 
Figure 1. 1 Scheme of Power System with Three Power Transformers                                                                    
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definition of maintenance strategies and then implementation of the selected strategy. 
According to Cholasuke et al. (2004), even after implementing suitable maintenance 
models for attaining high productivity targets, organisations often fail to attain their 
performance objectives due to numerous impediments in undertaking maintenance 
systems. Thus, robust implementation of maintenance in industry requires commitment 
from all staff, resources, money, and time. Organisation should be enthusiastic to bring 
about the necessary alterations in its  attitude and adapt itself to the new cultural 
changes/practices that are required for the successful implementation of maintenance 
models. 
1.2 Abu Dhabi Power Industry  
The United Arab Emirates (UAE) consists of 7 Emirates federation which are located 
in the Arabian Gulf. These 7 independent states are: Abu Dhabi (capital city), Sharjah, 
Ras Al-Khaimah, Dubai, Fujairah, Ajman and Umm Al-Quwain. The UAE’s total area 
is about 83,600 km². Emirate of Abu Dhabi is the largest state by size, comprising 
around 86% of the UAE’s total area and the most abundant in oil reserves. Emirate of 
Dubai is the second largest state by area, taking up only 5% of the UAE’s area, but has 
the highest number of populations. Together, Abu Dhabi and Dubai, form almost two 
thirds of the UAE’s population and the majority of the country’s wealth (Afridi and 
Aloke, 2019). 
Five government authorities in UAE control the energy sector through generating, 
transmitting and distributing water and electricity throughout the country. Four main 
authorities are owned by Abu Dhabi, Sharjah, Dubai and more lately Ras Al-Khaimah, 
while the northern regions (small emirates) are controlled by federal electricity and 
water authority. On the other hand, these emirate-owned authorities operate their own 
power distribution networks through exclusive purchasers. Whereas private sectors 
(independent water and power producers) have been permitted to participate in power 
and water generation (Afridi and Aloke, 2019; Hasan et al., 2019). 
Abu Dhabi provides power supply to more than 1.4 million people (over 39 % of the 
UAE’s total population). Dubai has just now started new legislation to allow 
participation of private sector in power generation. The federal authority also 
announced a privatisation policy for the northern regions. Abu Dhabi and Dubai have 
only specialised regulatory bodies for managing the power sector. Department of 
Optimising Total Productive Maintenance (TPM) and Asset Management Strategies through Artificial Intelligence 
(AI) Technologies: the Development and Enhancement of Abu Dhabi Power Networks 
7 
   
Energy has regulation and supervision bureau (RSB) office that serves as regulatory 
body in Abu Dhabi. This office provides a clear business strategy and licenses to 
operating power organisations (generation, transmission and distribution). Also, it 
monitors and control all the activities of power companies in Abu Dhabi (Afridi and 
Aloke, 2019; Hasan et al., 2019). 
The UAE's electricity demand increases exponentially due to the industrial 
development and increase of population. The rate is predicted to escalate by about 10% 
yearly at least for the next 10 years based on the current figures and developmental 
trends. To meet the increasing demand, numerous projects are set to launch in the 
renewable and conventional energy sectors. In Masdar city, the Abu Dhabi Future 
Energy Company promotes investment in renewable energy and alternative energy 
projects.  In addition, the government of Abu Dhabi founded the Emirates Nuclear 
Energy Corporation (ENEC) under Federal Law No. 21 of 2009, thereby making major 
progress to build and develop its first nuclear power plant.  The Barakah nuclear power 
plant is located in Abu Dhabi, outside the main city area, in the western region, and 
boasts a total capacity of 5,600MW, comprised of four reactors (1,400 MW for each 
nuclear plant). The first reactor is planned to be operated by 2020. The UAE plans to 
install four similar power plants in the country to generate for almost 9% of power 
supply from nuclear technology (Afridi and Aloke, 2019; Hasan et al., 2019). 
Afridi and Aloke (2019) highlighted that RSB office under Department of Energy 
regulates the relevant power networks through legal framework and reserves the right 
to:  
 Grant the appropriate licenses and permits for regulated activities;  
 Monitor licensees for compliance with provisions and conditions;  
 Implement regulations to preserve the reliable, safe, and efficient distribution of 
power in Abu Dhabi. 
 
The Abu Dhabi Water and Electricity Authority, or ADWEA which wholly owns the 
power transmissions and distribution subsidiaries. In addition, it owns 60% of power 
generation plants with the remaining 40% being held by joint ventures with foreign 
companies. Both ADWEA and RSB office were established under the Abu Dhabi 
Electricity Law No. 2 of 1998 as amended by Law No. 19 of 2007, Law No. 12 of 
2009, Law No. 11 of 2018 and Law No. 3 of 2019. The total production of power in 
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the UAE, according to 2012 data analysis, is divided between the five major 
authorities, with ADWEA contributing more than half (52%) at 15,604MW, Dubai 
electricity and water authority providing more than a third (35%) at 9,646MW. The 
rest of the 13% is split between Sharjah electricity and water authority, aggregating 
2,400MW at 9%, and federal authority, with the least, generating 1,150MW at the 4% 
mark (Afridi and Aloke, 2019; Hasan et al., 2019). 
According to the Abu Dhabi Electricity Law No. 2 of 1998 and Law No.19 of 2007, 
ADWEA was introduced for managing and controlling all activities related to 
implementation, development and formulation of policies within Abu Dhabi power 
sector including privatisation companies (power generation plants). Recently, in 2019, 
ADPower (Abu Dhabi Power Corporation) a public joint stock company (PJSC) was 
established into an independent firm to manage and own all assets were formerly under 
Department of Energy and ADWEA. ADPower replaces ADWEA and Department of 
Energy. The Abu Dhabi Development Holding Company is wholly owned and 
controlled ADPower. This new organisation owns shares of operating companies 
(distribution, transmission and generation). In addition, ADPower owns and controls 
the Abu Dhabi Water and Electricity Company, known as ADWEC which became the 
single purchaser of electricity and water in emirate of Abu Dhabi. Furthermore, 
ADPower has continued to establish joint-venture arrangements with a series of 
independent water and power producers (IWPPs) in collaboration with different 
international companies (foreign investors) specialising in power generation known as 
Build, Operate, and Own (BOO) projects. In line with long-term agreements, IWPPs 
should be committed to generate electricity and sell it to ADWEC. ADPower is 
engaged in a joint venture with IWPPs wherein it owns 60%, with the remaining 40% 
being held by overseas investors. Typically, ADPower integrates an intermediate 
holding firm to sustain the 60% interest. ADPower maintains 10% while the Abu 
Dhabi National Energy Company (TAQA) claims 90% of the stake (Afridi and Aloke, 
2019; Hasan et al., 2019).  
Abu Dhabi Transmission and Despatch Company (TRANSCO) is responsible for 
operation and maintenance of Abu Dhabi’s transmission networks. TRANSCO also 
transmits power and water between the generation and distribution companies in 
emirate of Abu Dhabi. Furthermore, the Abu Dhabi distribution company, commonly 
known as ADDC, is responsible for the capital city, Abu Dhabi, and spans throughout 
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the western region, whereas the Al Ain distribution company, known as AADC, 
handles all of Al Ain and the neighborhoods that span throughout the rest of the 
region.  Both ADDC and AADC are responsible for distributing water and electricity 
to consumers across emirate of Abu Dhabi. TRANSCO, ADDC and AADC are all 
fully owned by ADPower.  
The smaller emirates (northern regions) recently encountered complications in terms of 
power shortages and outages. Thus, TRANSCO has involved in the operations, 
development and planning of power transmission plants throughout the northern 
emirates. The rapid response of TRANSCO significantly supported and improved the 
northern emirates from previous challenges (Afridi and Aloke, 2019). Figure 1.2 
displays power system networks, location map of water and power stations and total 
capacity of every utility of IWPPs.  
 
Source: (ADWEC, 2016; Paul et al., 2016)  
Figure 1. 2 ADPower Power and Water Generation Plants Location Map and Capacity 
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ADWEC, is the only purchaser of power and water in Abu Dhabi. It is buying 
electricity from power generation utilities under power and water purchase agreement 
(PWPA) and in turn vends it to those responsible for distributing water and power 
throughout the emirate. ADWEC receives payment from the main distribution 
organisations through agreements of annual bulk supply tariffs (BST). The distribution 
organisations receive income and profits through government’s subsidy and their 
customers. While TRANSCO through a Transmission Use of System (TUoS) payment 
arrangement, collect their income from distribution companies (customers) and from 
government subsidy simultaneously (ADWEC, 2016; Afridi and Aloke, 2019; Hasan 
et al., 2019). Figure 1.3 demonstrates products and payments flow. The tariffs for the 
services supplied by ADWEC, TRANSCO, ADDC and AADC are controlled by the 
Department of Energy in Abu Dhabi.    
Source: (ADWEC, 2016) 
Furthermore, the Emirates Water and Electricity Company (EWEC) has established 
based on the Abu Dhabi Electricity Law No. 20 of 2018. It has supplanted ADWEC as 
the primary entity in securing power generation and water production throughout the 
country. It coordinates the purchasing and planning of all generation activities to meet 
Figure 1. 3 Flow of Payments and Products 
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the anticipated demands for water and electricity in Abu Dhabi and northern regions. 
EWEC, aims to emphasis on renewable technology and energy sustainability plans. 
Figure 1.4 shows the Abu Dhabi power sector (Hasan et al., 2019; IRENA, 2019).  
Developed by Author 
1.3 Need for the Research 
The characteristics of modern industrial organisations depend upon advanced 
technology systems to provide outstanding services to their clients. Most service 
industries make sincere attempts to improve the reliability of their assets. For example, 
the power industry needs high availability of power plants to ensure the provision of 
reliable electricity for their customers without any interruptions in supply. There are 
prominent explanations in the literature, which make implicit indications about the 
ramifications of proper maintenance of electrical assets in the context of providing 
electricity supply to customers whilst conforming to the standards of reliability, 
availability and performance. Therefore, maintenance of electrical equipment is 
Figure 1. 4 Structure of Electricity and Water Sector in Abu Dhabi 
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imperative for power companies to attain success in competitive global power markets. 
The study titled “Strategic Maintenance Management” conducted by Murthy et al. 
(2002) clearly demonstrated that advanced technology systems have a positive impact 
on the efficacy and productivity of equipment. Conversely, equipment has become 
more expensive and complex, which is why it must be operated in full mode to prevent 
any financial losses. However, poor organisational culture in industrial sectors could 
result in low productivity and companies cannot manage human resources effectively 
within operations and maintenance activities.  
1.3.1 Importance of the Study 
Some organisations do not view maintenance as a significant pillar of their operational 
performance, which may contribute to negative influences on quality, service delivery 
and the benchmark of excellence set by their operations. Low investments in 
developing suitable maintenance approaches will inexorably lead to extremely high 
annual maintenance costs and downtime. Velmurugan and Dhingra (2015) expressed a 
similar thought that organisations must integrate maintenance with other functions 
across different departments to ensure timely equipment availability, quality 
production, environmental safety, skilled employees, and improved efficiency of plant 
operations in a cost-effective manner. Hence, organisations must make continuous 
improvements and improve the quality of their sustainable equipment operations to 
gain a competitive edge in the existing industrial landscape. Nowadays, many 
organisations are relying on maintenance functions to achieve and maintain 
profitability. As a result, they attempt to utilise myriad maintenance approaches and 
strategies such as Computerised Maintenance Management System (CMMS), 
Condition Monitoring Programmes (CM), Reliability Centre Maintenance (RCM), and 
TPM (Lyonnet, 1991).  
According to a number of studies conducted in the US, UK and EU countries, 
equipment maintenance costs are increasing over time due to unhealthy maintenance 
practices and low investment in maintenance resources. However, Sharp and 
Kutucuoglu (1997) suggested that implementing the principle of enforcing continuous 
improvements in maintenance activities could prompt industrial companies to achieve 
significant savings. The annual budgets of predictive and corrective maintenances vary 
in different industries. Murthy et al. (2002) stated that the actual annual maintenance 
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budgets of the mining industry could rise up to 40 to 50%; also for the transport 
industry, they comprise as much as 20 to 30% of general budgets. These high potential 
maintenance costs, which occur on a variety of assets, deter managers form spending 
money and thus prevent them from attaining reliability, availability, performance, and 
quality. Therefore, maintenance management is a significant element for modern 
industrial organisations and there is a growing need to manage it effectively. 
Developing countries have taken a number of improvement plans into consideration to 
increase their self-sufficiency. The main objective of these plans is to optimise every 
facet of social and economic life, which cannot be achieved without strengthening the 
focus on management of development plans and resources. Against this backdrop, the 
Abu Dhabi government has a well-defined economic vision for year 2030 (Economic 
Vision Taskforce, 2008). It is primarily long-term strategic plans that will move Abu 
Dhabi into a world class city by diversifying its economy over different sectors. This 
vision will empower the government of Abu Dhabi to optimise its resources and 
physical infrastructure whilst increasing its investment in health, transportation, social, 
education, tourism, telecommunication, aviation, power, and financial services sectors. 
This research will focus on the power sector to support and enhance the successful 
implementation of Abu Dhabi’s economic vision for year 2030. 
During the past 30 years, Abu Dhabi has taken giant strides in developing 
infrastructure that has aided the state’s growth. Power utilities developed in the 1960s 
to serve tens of thousands of consumers have grown exponentially, thanks to new 
sophisticated power stations that have empowered it to serve 1.7 million people. Abu 
Dhabi has already started a large-scale investment drive across its power utilities to 
ensure that its economic growth remains unaffected. The power industry of Abu Dhabi 
has already embraced advanced technology across power utilities to secure 
uninterrupted electric supply. According to the report of Economic Vision Taskforce 
(2008), Abu Dhabi’s power demand is among the highest throughout the Gulf region. 
The forecasting power demand report from (Abu Dhabi Water and Electricity 
Company, 2013) observed that power demand would increase three-fold by 2020. This 
requires the state’s power sector to build new power plants to address the growing 
demand for power. In addition, Abu Dhabi will also implement long-term 
sustainability plans to secure power supply for its citizens (Economic Vision 
Taskforce, 2008). It is evident that the existing infrastructure of power utilities needs 
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an effective maintenance approach to achieve high levels of sustainability of power 
assets and perform the required operational functions efficiently. Thus, the Abu Dhabi 
power industry need to move towards the best sustainability plans to optimise the 
availability, performance, and quality of existing infrastructures and have sustained 
power assets for long period of time with continuous improvements programmes. 
Therefore, maintenance is main element that can play a pivotal role in helping Abu 
Dhabi to bring to fruition its economic vision for year 2030 within the power sector. 
According to the report issued by Abu Dhabi Water and Electricity Authority (2016) 
pertaining to the failure of power assets, the maintenance costs of power plants in one 
region of the Emirate of Abu Dhabi had a correlation with failures in power assets, 
both of which grew significantly between 2005 and 2015 (see Figure 1.5).  
 
 




Source: (Abu Dhabi Water and Electricity Authority, 2016) 
 
These power assets include power transformers, circuit breakers, cables, overhead 
lines and a range of other assets. This clearly points towards the poor maintenance of 
power plants. Thus, Abu Dhabi’s power utilities should strive to adopt innovative 
modern maintenance techniques such as TPM, which have the ability to enforce 
improvements in power assets, thereby keeping Overall Equipment Effectiveness 
(OEE) above 85%. It is imperative to invest in existing maintenance resources by 
implementing innovative maintenance approaches within the power industry that 
increases the efficacy of power assets and maintenance staff. This kind of maintenance 
strategy will not only reduce maintenance-related expenditure, but also increase 
productivity by augmenting the efficacy of manpower and equipment. The benefits of 
Figure 1. 5 Maintenance Costs of Abu Dhabi Power Assets between 2005 and 2015                                                     
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implementing innovate maintenance models have also been echoed by Nakjima 
(1988), Willmott (1994a), Bamber et al. (1999), Willmott and McCarthy (2001), Ohno 
(2002), Womack and Jones (2003), Ahuja and Khamba (2008b), and Jain et al. (2014). 
Abu Dhabi’s power industry is still facing many challenges that are preventing a 
widespread improvement in the maintenance of its power assets. Moreover, they also 
apply some maintenance approaches like preventive maintenance (PM), corrective 
maintenance (CrM), reliability centred maintenance (RCM), and computerised 
maintenance management system (CMMS). The implementation of RCM approach is 
ridden with challenges and could not be successfully applied across power networks. 
Therefore, inadequate maintenance practices and lack of proper training programmes 
can have a negative impact on the performance of maintenance, thus affecting its 
productivity. Further, some maintenance managers within Abu Dhabi believe that 
standby systems can improve the availability of power assets. On the other hand, a run 
to failure approach is leveraged for some non-critical assets in Abu Dhabi power 
industry. However, this approach could lead to high maintenance expenditures (down 
time, spare parts and labour costs) during the course of replacing equipment. There is a 
clear lack of awareness among senior management and maintenance staff towards 
performing maintenance activities properly. Therefore, organisations within the Abu 
Dhabi power sector (generation, transmission, and distribution companies) need to 
optimise maintenance procedures by using new strategies to improve the quality of 
their maintenance management. They need to adopt new innovative maintenance 
models that could drive them towards organisational excellence. 
1.3.2 Motivation and Significance of the Study 
Local organisations in Abu Dhabi have been adopting artificial intelligence (AI) 
technologies across different sectors. Abu Dhabi power industry has many initiatives 
to implement AI. However, these initiatives and plans are still on development stage. 
Recently, ADPower has lunched the programme of youth initiatives consistent with its 
digital transformation in energy sector, where many programmes and proposal have 
been established, including smart grid technologies, digitalisation, predictive 
maintenance based on AI, block-chain, etc. Furthermore, identifying the right period to 
execute maintenance tasks on critical equipment/assets is crucial. For example, over 
maintenance can be time-consuming, costly and unnecessary, while low maintenance 
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activities could lead to high repair costs or even serious injuries and death due to 
catastrophic failure within power plants. However, implementing the right 
maintenance amount with accurate time is significant to optimise running costs while 
preserving the high reliability of power networks. Thus, ADPower aims to implement 
predictive maintenance through integrating AI technologies within daily maintenance 
activities (at operational level) of power networks (Alsheryani et al., 2019).  
Recently, many organisations within the electric power industry have not been paying 
the necessary attention on implementing an effective maintenance approach. They are 
reluctant to change their existing maintenance practices due to the lack of knowledge 
among senior management. They are also hesitant to spend time and money to conduct 
research to augment their maintenance policy by discovering an innovative 
maintenance strategy like TPM. Jain et al. (2014) defined the impact of changes in 
maintenance policy of companies as an improvement in their quality and performance. 
On the other hand, there is a lack of literature that highlights the challenges of 
implementing TPM in the power industry. Although numerous studies did extrapolate 
upon the difficulties facing manufacturing industries towards the implementation of 
TPM strategy, almost no research focussed on the power industry. The absence of any 
literature relating to the power industry concerning TPM implementation have been 
highlighted by Bakri et al. (2014a). Previous literature published between 1992 and 



















Source: (Bakri et al., 2014a) 
 
Figure 1. 6 TPM Implementation within Different Industries                                                   
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There is almost a clear gap research and literature about TPM implementation issues 
within the power industry. Recognising this, the researcher was motivated to 
investigate critical factors that affect the successful implementation of TPM 
programmes in the Abu Dhabi power industry environment. Since numerous barriers, 
factors and challenges affect the successful implementation of TPM in Abu Dhabi’s 
power industry, the researcher is keen to investigate these barriers that related to 
organisational culture and human factors. Through the findings of this research, Abu 
Dhabi’s power industry and maintenance policy makers will be able to better identify 
the main obstacles that could prevent successful TPM implementation.  Consequently, 
they can implement the right processes and procedures to overcome these barriers. 
Furthermore, this research comes at a suitable time and will emerge as a first to bring 
TPM implementation to Abu Dhabi’s power organisations.   
1.4 Statement of Research Problem  
Implementing TPM is a daunting task for many industries, including the power sector. 
While the significance of TPM is well understood by many different industries, almost 
no research has been applied in this area across power plants of Arabian Gulf 
Countries. There is a clear lack of previous studies associated with TPM 
implementation in power industry in general and in particular within Abu Dhabi power 
plants. Thus, implementation of TPM programme needs strategic planning and 
effective asset management practices. There are clear knowledge gaps existing in the 
literature review about studying the impact of cultural dimensions and employee 
empowerment on the autonomous maintenance participation within power industry 
context. In addition, there is almost no research establish the operational steps based 
on utilising AI technologies through effective participation of autonomous 
maintenance. In chapter three, section 3.3 has identified knowledge gaps in TPM 
implementation within the context of power industry.  
Despite being the capital city of the United Arab Emirates, Abu Dhabi’s power 
industry has several challenges pertaining to asset management and maintenance 
strategy optimisation. There is a lack of harmony among diverse cultures due to 
different nationalities of the employees in Abu Dhabi. Inexperience in implementing 
change management philosophies also poses a major challenge for implementing 
TPM. According to the report issued by Abu Dhabi Water and Electricity Authority 
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(2016), the researcher found that the reliability of power plants is very low and poor 
due to inefficient maintenance practices. In addition, this report shows the key 
performance indicator (KPI) for power distribution plants related only to the 
availability and it does not consider the measurements of real reliability index. This 
report displays certain assets which are degraded over the time and it confirms that 
there is misinterpretation about measurement of reliability index due to lack of 
knowledge.   
McKinsey (2010) issued report about achieving world-class performance at Abu Dhabi 
power distribution networks. This report involves comparison in best practices 
between the Abu Dhabi power industry with international top quartile utility 
companies. The report shows that operating cost of maintenance is 4.5 times higher 
than top quartile companies. This gap emanates from poor maintenance activities such 
as non-value adding work (e.g., high maintenance frequency), organisational 
fragmentation (e.g., 4 organisationally independent crews all visiting substations) and 
low field crew efficiency (5-6 man crews with limited multiskilling). The report 
indicated that activities are divided between high voltage (HV) and low voltage (LV) 
and within each, between operations and maintenance, requiring multiple people for 
work at same site. As a result, multiple teams visit the same physical location for 
different purposes (e.g., maintenance team waiting for operations team to shut down 
power plant), with a strong impact on efficiency. Despite the efforts on maintenance 
and increasing focus on preventive maintenance, the impact is not evident on 




                                         
Source: (McKinsey, 2010) 
The report shows that outage reduction fragmented between 3 departments/divisions 
leading to significantly high duration of power supply interruptions. In addition, some 
units are over specialised, reducing utilisation due to unbalanced workload (e.g., Cable 
Figure 1. 7 Nature of Outage at Abu Dhabi Power Networks                                                              
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Unit crews could be utilised in other maintenance work with similar skill-sets). 
McKinsey (2010) indicated that number of reports between directors and front-line is 
often very high (e.g., up to 7 in power plants operations). Compared with top quartile 
utility companies, Abu Dhabi power networks suffer from high frequency of 
preventive maintenance and inspection activities. The below Figure 1.8 is shown the 









Source: (McKinsey, 2010) 
Based on the report of McKinsey (2010), the researcher elicited that operators do not 
perform the light maintenance due to split between operation and maintenance at Abu 
Dhabi power industry. This isolation between operation and maintenance teams could 
affect the maintenance supportability in the form of long mean waiting time and mean 
time to repair. Abu Dhabi power industry needs to simplify its work practices to 
reduce waste (e.g., non-value added tasks), increase utilisation (e.g., multi-skilling) 
and improve quality of service. Thus, TPM could serve as a solution to optimise the 
reliability, life-cycle, and maintenance costs of power plants. Operation and 
maintenance teams can be combined through TPM programme to facilitate multi-
skilled crews to ensure effective utilisation of all employees and flexibility to deal with 
demand spikes and hence enhance assets management of Abu Dhabi power industry.   
On the other hand, the successful implementation of TPM is premised on 12 well-
known steps recommended by Nakjima (1988). However, there are many obstacles 
Figure 1. 8 Abu Dhabi’s Maintenance Practices Compared with Top Quartile Utilities                                                                                                                                      
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and barriers that stymie successful TPM application (Cooke, 2000). Similarly, there 
are many reasons for the unsuccessful implementation of TPM programmes (Ahuja 
and Khamba, 2008a). Therefore, the researcher needed to investigate these daunting 
challenges critically whilst also considering the numerous critical factors associated 
with organisational cultures in addition to human factors that also affect the successful 
implementation of TPM. 
1.5 Research Questions 
This research study will contribute to improve the level of knowledge and 
understanding about implementing TPM in Abu Dhabi’s power industry, and build 
upon the existing TPM application theories based on the findings of previous research 
studies. The researcher will endeavour to provide a deeper insight into the critical 
barriers and factors that affect the successful implementation of TPM in Abu Dhabi’s 
power industry as a case study. Research questions and research aim and focus area are 
developed based on the research problem of this study. This research will address five 
main questions:  
 
In the context of the Abu Dhabi power industry: 
 
RQ1- What are the critical characteristics of the current maintenance practices 
(processes orientation) and organisational culture? 
 
RQ2- What are the critical cultural barriers and human factors (processes 
orientation) that could serve as obstacles towards the successful implementation 
of a TPM programme?  
 
RQ3- What is the impact of organisational culture on autonomous maintenance 
(operators) participation in maintenance activities? 
 
RQ4- What is the impact of effective prognostic technique (Predicting Remaining 
Useful Life) on successful implementation of TPM based on degradation analysis 
through utilising AI technologies?  
 
RQ5- How does the role of Reliability Centred Maintenance (RCM) supports 
successful implementation of TMP based on selecting optimum maintenance 
interval and costs through utilising AI technologies?  
 
RQ6- What main steps might be taken to develop an innovative operational 
framework to enable its organisations to implement successful TPM programme? 
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1.6 Research Focus Area 
1.6.1 Area of Research 
This research focuses on two main issues: organisational culture and human factors 
(processes orientation) that could serve as barriers towards the successful 
implementation of TPM programme across Abu Dhabi’s power industry. This research 
intends to improve and optimise the asset management and maintenance strategy 
currently deployed across Abu Dhabi’s power industry. The researcher aims to 
investigate the critical factors that affect successful implementation of TPM 
programme in the Abu Dhabi power industry environment. The researcher will also 
investigate the relationship between organisational culture, maintenance management 
in the context of Abu Dhabi power industry and successful implementation of TPM to 
address the main cultural and human challenges that might stymie the successful 
implementation of TPM. The researcher will identify the role of prognostic technique 
(based on degradation analysis) and RCM on successful implementation of TPM.  
Based on the research findings, the researcher aims to build a novel conceptual 
framework that involves essential strategic tools that can drive a suitable maintenance 
strategy at Abu Dhabi’s power utilities.  
1.6.2 Research Aim  
The aim of this research is to: investigate the critical factors that affect successful 
implementation of TPM programme in the Abu Dhabi power industry environment. 
1.6.3 Research Objectives 
   The objectives of this research are summarised as follow: 
 
In the context of the Abu Dhabi power industry: 
 
OB 1. To critically review the critical characteristics of the current maintenance 
practices (processes orientation) and organisational culture. 
 
OB 2. To determine the critical technical (processes orientation) and cultural barriers 
that could serve as obstacles towards the successful implementation of a TPM 
programme. 
 
OB 3. To examine the potential impact of organisational culture and structural 
empowerment on autonomous maintenance (operators) participation in 
maintenance activities. 
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OB 4. To appraise the impact of effective prognostic technique (Predicting Remaining 
Useful Life) on successful implementation of TPM based on degradation analysis 
through utilising AI technologies.   
 
OB 5. To examine how the role of Reliability Centred Maintenance (RCM) supports 
successful implementation of TMP based on selecting optimum maintenance 
interval and costs through utilising AI technologies. 
 
OB 6. To develop an innovative operational framework to enable its organisations to 
implement successful TPM programme. 
1.7 Brief Description about Research Methodology  
Due to the absence of empirical knowledge about TPM implementation in the power 
industry, the research designated in this study is exploratory in nature. The inability to 
validate knowledge in this field and define such systems using quantitative analysis 
highlights the need for a qualitative investigation to describe the critical success factors 
of TPM across power organisations in a comprehensive manner (Piercy and Rich, 
2015). Based on the nature of this research topic, the research methodology will 
depend on how the researcher conceptualises the evolvement of knowledge that 
eventually builds an innovative conceptual framework for implementing a TPM 
programme successfully. Therefore, the approach is mainly abductive and relates to 
the pragmatism philosophy. The utilisation of case studies as a research strategy for 
exploratory investigation and create new levels of understanding is well introduced in 
social science research (Yin, 2014). The researcher seeks to collect data from power 
organisations in Abu Dhabi (subsidiaries of ADPower that are involved in power 
generation, transmission, and distribution companies).  
The researcher visited ADPower’s subsidiaries several times to collect data and to 
investigate the barriers as well as factors that could potentially affect the successful 
implementation of TPM programme through existing maintenance activities and hence 
meet objectives of this research. Furthermore, the researcher utilise the technique of 
semi-structured interviews with sixteen employees at different levels, including top 
and middle-level management at ADPower’s power organisations for data collection. 
In addition, he triangulated it with questionnaires, distributed to 250 maintenance and 
operation employees at ADPower’s subsidiaries as part of the quantitative research. 
The researcher used a statistical approach to test the crucial role of operator 
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participation, particularly in maintenance activities. In addition, he obtained 
maintenance information from expert operators in the parlance of actual operating 
regimes, using the proposed modelling approach. Historical data of critical power 
transformers were collected to perform the required simulation analysis of prognostic 
techniques and PM costs optimisation. Figure 1.9 explains briefly the research 
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Chapter Four of this study pertaining to research methodology undertook an in-depth 
discussion about the research method that has been utilised to achieve the main 
objectives of this research. However, on the application of this study ensues in four 
main stages: extensive literature review and case studies, questionnaire analysis, 
simulation and modeling analysis and development of operational framework. 
Maintenance practices, organisational culture, empowerment, predictive maintenance 
based on AI technologies, RCM and implementation of TPM are the main themes of 
the literature review. This review intends to gather current knowledge and different 
viewpoints around the barriers affecting TPM implementation and identify potential 
gaps in previous work as a focus for the study. Also, it aims to allow the researcher to 
gain a better understanding of the concepts of TPM programme, encompass the 
research objectives and establish a solid foundation to understand the barriers affecting 
the implementation of TPM in a power utility. The review of literature also supports 
and contributes towards the selection of a suitable research method.  
1.8 Academic Publications Related to This Research Study 
The researcher has published academic papers in international journals and conference 
proceedings during his PhD research. These papers are discussed the subsequent  
subjects: the impact of artificial intelligence technologies on the participation of 
autonomous maintenance and assets management optimisation within power industry, 
cultural and operational barriers that affect TPM implementation in the Abu Dhabi 
power industry, the impact of organisation culture on participation of autonomous 
maintenance (operators), the impact of effective prognostic techniques (predicting 
remaining useful life) on successful TPM implementation in the power industry, and 
how the role of RCM supports successful implementation of TMP through predicting 
optimum maintenance policy and optimising maintenance costs. All subjects covered 
in published papers in relation to research aim and objectives of this study. In addition, 
these published papers have involved presentations to senior academic staff and 
experts in the field of maintenance management at the conferences. The researcher has 
discussed the most findings of his PhD research and he got a valuable feedback and 
helpful comments regarding research papers. Appendix A shows List of Publications.  
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1.9 Thesis Structure  
This thesis structure contains nine chapters, which are concisely outlined below: 
 
Chapter One – Introduction: provides research aim and objectives, background, Abu Dhabi 
power industry, significance and motivation of the study, statement of research problem, 
research questions, brief about research methodology, academic publications and thesis layout. 
 
Chapter Two – Literature Review 1: explores various theory of maintenance management 
concepts. It covers the aspects of TPM, maintenance culture, change management, structural 
empowerment, AI in maintenance, RCM, predictive maintenance and condition monitoring 
techniques that can contribute to the development of the maintenance policy. 
 
Chapter Three – Literature Review 2: discusses critical factors that affect successful 
implementation of TPM. It identifies gaps in knowledge based on critical analysis. It provides 
initial development of operational framework for applying TPM across power plants. 
 
Chapter Four – Research Methodology: explains the selected research philosophy, 
approaches and strategies. It gives justification about conducting mixed method research 
design. It provides data collection process, sampling strategy, methods of analysis and process 
of developing findings. 
 
Chapter Five – Research Findings of Qualitative Approaches: summarises the findings based 
on the subsequent analysis: analyse interviews through content and thematic analysis, review 
of maintenance documentation (asset management policy and performance reports) and 
observation of maintenance practices within power plants.   
 
Chapter Six – Results and Analysis of Quantitative Approaches: summarises the statistical 
results based on the subsequent analysis: analyse data of questionnaire through ranking critical 
factors that affect TPM implementation and testing hypotheses of research model. It presents 
results of simulation and modeling.   
 
Chapter Seven – Discussion: discusses the main results and findings from both chapters five 
and sex. It links and compares the results with secondary data. 
 
Chapter Eight - Development of Operational Framework: develops the proposed operational 
framework using the findings of the previous chapters. It provides analysis of structured 
interviews (with academic experts, consultants and practitioners from power industry) to refine 
and validate framework through elicitation technique. 
 
Chapter Nine - Conclusion, Recommendations and Further Research: summarises the key 
findings of this research study and comes with recommendations to improve and optimise 
current maintenance practices across Abu Dhabi power plants. It specifies some area from the 
research that needs further study. It also provides research limitations. In addition, it presents 
the originality in research and significant contributions to knowledge. The flow chart in Figure 
1.10 summarises the manner in which this research will be carried out.  
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Figure 1. 10 Flow Chart for all Chapters of Research Study  
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2.1 Introduction  
A literature review is considered to be a significant element in all academic studies. It 
includes a critical evaluation of the key issues related to the subject of research, 
alongside a critical analysis of all the factors linked to it based on previous 
explorations. This research is exploratory in nature and aims to investigate the critical 
factors that affect successful implementation of TPM programme in the Abu Dhabi 
power industry environment. It will explain the TPM implementation process in 
industrial sectors. It will also discuss organisation culture, structural empowerment, 
impact of artificial intelligence, and change management in maintenance management 
systems particularly in TPM. This review will enable the researcher to classify suitable 
research design and develop questions for the questionnaire and interview. The review 
of literature in this chapter is divided into the following eight main sections:  
 Section one: maintenance management; discusses the principles and concepts of 
maintenance, the aims and significance of maintenance in the power industry, the 
types and models of maintenance, techniques of reliability assessment, and the 
characteristics of World Class Maintenance (WCM),  
 
 Section two: TPM; involves the definition of TPM, its history, purpose, Overall 
Equipment Effectiveness (OEE) and eight pillars, successful steps of 
implementation; 
 
 Section three: Abu Dhabi power industry; explores the current maintenance 
practices at Abu Dhabi power plants;   
 
 Section four: organisation’s maintenance culture; includes culture’s definition, 
culture differences and their impact on the maintenance management system, the 
characteristics of organisation cultures in the UAE, TPM’s impact on the 
maintenance culture of the organisation, and TPM implementation within Japanese 
and Western culture;  
 
 Section five: change management; involves its definition, resistance to change, 
the significance of commitment to the change process, the role of leadership in 
organisational change, change in maintenance management towards best practices, 
and culture change in maintenance;  
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 Section six: structural empowerment and TPM; discusses Kanter’s (1993) 
theory of structural empowerment and how this concept can enhance the 
implementation of TPM particularly participation of autonomous maintenance;  
 
 Section seven: artificial intelligence (AI); involves its definition, AI systems for 
maintenance management in power industry, AI for prognostics, and challenges of 
AI implementation; 
 
 Section eight: Industry 4.0; comprises its concept in maintenance, its impact for 
fault prognosis and diagnosis through implementing predictive maintenance and 
challenges of utilisation large amount of industrial data.  
2.2 Protocol Utilised in the Literature Review 
Kitchenham et al. (2010) stated that a systematic literature review has a set of 
guidelines which involve steps to formulate research questions. Answering these 
questions will enable researchers to develop a literature review protocol. Patikirikorala 
et al. (2012) argued that developing a review protocol is significant; it enables the 
organisation, selection and analysis of the existing literature work and, hence, 
eliminates the possibility of bias. This kind of protocol involves a set of planned 
activities and steps. These are listed as follows: search process, inclusion and exclusion 
criteria, and quality assessment. The search process is used to identify the most 
relevant academic research papers through various sources. However, researchers may 
find it challenging to decide on search strings because they need to be equipped with 
substantial TPM knowledge and awareness when selecting the appropriate research 
papers from among a large body of review spanning the areas of TPM implementation. 
After selecting the research papers via the search process, the inclusion and exclusion 
criteria and quality assessment(s) are employed to evaluate the selected studies and 
determine whether they are relevant. This ensures that research expectations are met 
according to the previous sections in this chapter that review the literature on the eight 
areas stated in the introduction. The researcher utilised a search strategy in the 
literature review based on the following points:    
 In the discussion of the maintenance management principles and the philosophy of 
TPM the researcher reviews the work of TPM gurus like Nakajima (1988), 
Hartmann (1992), Willmott (2019,1997), and others as they have made valuable 
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contributions to the current body of knowledge, particularly to the existing 
literature in the field of TPM and to maintenance management in general. The 
work and efforts of expert authors were reviewed with particular focus on the 
principles and concepts of TPM philosophy and its implementation in industrial 
sectors and the power industry. The researcher found that only two papers had been 
published related to TPM implementation in the power generation industry; these 
were by Junior et al. (2018); and Aljanabi et al. (2016). Referring to the search 
process, the researcher utilised key words during searches. These search words 
included ‘TPM and RCM implementation in the power industry’, ‘factors affecting 
TPM implementation’ ‘cultural and change management’ and ‘AI and industry 4.0 
for predictive maintenance’. Emerald, Elsevier, IEEE, ScienceDirect and university 
of Bolton online archive were the chief databases utilised by the researcher to 
conduct this search as the most appropriate journals and papers could be found in 
those databases.  
 
 Refer to inclusion criteria: the researcher set the publication date between 1970 and 
2020, he reviewed only English language literature, and he also focused on papers 
from two perspectives. The first papers addressed the problems of the research 
domain (factors affecting TPM implementation). The second papers were ones that 
proposed comprehensive solutions. According to the search strategy that used key 
words, there were more than one thousand peer-reviewed papers related to TPM 
implementation. The researcher found hundreds of similar articles that were 
relevant to this research and the remainder were removed based on the exclusion 
criteria. He used the papers to understand the knowledge of the TPM application. 
Section 3.4.1 in chapter three summarises some of the critical research papers 
which are particularly relevant to the factors affecting TPM implementation. 
 
 The researcher used some additional literature during the empirical stage of 
research and during discussions of the empirical findings of the case studies. The 
main reason behind this review was to confirm that the results of field work could 
be discussed in the context of previous studies and in the conceptual explanations 
to determine the differences and similarities between the factors identified in the 
literature review and the corresponding case studies’ findings. This will lead the 
researcher to opportunities to discover new issues or contributions to knowledge 
Optimising Total Productive Maintenance (TPM) and Asset Management Strategies through Artificial Intelligence 
(AI) Technologies: the Development and Enhancement of Abu Dhabi Power Networks 
32 
   
that emerge from the findings of the case studies that were not anticipated in the 
review of the literature.  
 
 Quality assessment of the article or its contribution to knowledge is a challenging 
and daunting task (Patikirikorala et al., 2012). The researcher established the 
criteria of evaluation for the literature review’s robustness based on the quality 
assessment. The aim was to select the most valuable academic research papers and 
distinguish them from other levels of papers such as conference proceedings and 
magazine articles. The following is a list of the criteria used for the selection 
process (framed as questions):  
 
 Is the paper relevant and related to the topic under investigation?  
 Is the selected paper peer-reviewed?  
 Is the article based on an empirical study with a suitable methodology? 
 If the article contains information based on opinion and belief rather than 
empirical study, then is the writer a recognised expert with credibility in the 
field of TPM?  
 Does the article validate the proposed solution to TPM implementation?  
 
These criteria of quality assessment established guidelines for the researcher to ensure 
he obtained relevant and valuable academic research papers. Tables 3.1 and 3.2 in 
section 3.4 of chapter three are summary of critical barriers and success factors 
affecting TPM implementation. These tables contain a well-defined lists of these 
critical peer-reviewed papers. Further, the researcher aimed to be reliable and 
consistent when selecting peer-reviewed research papers, to ensure easy access to the 
papers whenever any contribution to the knowledge of the key authors is discussed or 
when asserting important information. 
2.3 Maintenance Management  
Nowadays, maintenance management (MM) has a significant impact on the business 
strategy of power organisations. The process of MM can be divided into two parts: 
strategy definition, and strategy implementation (Crespo Márquez et al., 2009). The 
maintenance of power plants aims to promote a safe, cost effective, and reliable 
electricity supply. This kind of maintenance has complex activities and requires highly 
skilled maintenance staff. Therefore, the proper utilisation of technology is critical to 
achieving both plant safety and availability (Reiman and Oedewald, 2004). MM is 
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significant for power plants, industrial plants such as the production lines of 
manufacturing sectors, aircraft components, distribution systems, for facilities as 
bridges, roads and buildings, and so on. Not utilising effective MM strategies results in 
bad maintenance practices, low productivity, and a negative impact on financial 
performance which may lead to catastrophic consequences related to safety hazards 
and assets. For example, the loss of the lives of operators or engineers or damage to 
assets. Thus, effective MM becomes a complex task that deals with multifaceted nature 
of actions like irregular and uncertain nature. It is s success relies on the skills and 
expertise of humans and goes beyond automation. Without the systematic and 
comprehensive approach of MM, it may difficult to perform maintenance functions 
adequately (Sinha, 2015).  
However, many researchers, from different industries, have often passed over the 
effect of equipment maintenance on operational performance (Fredendall et al., 1997; 
Nakajima, 1988). Shyong Wai Foon and Milé Terziovski (2014) argued that MM 
might be the main challenge facing the power industry in an aggressively competitive 
market. However, the integration of appropriate maintenance strategies and other 
organisational management functions may result in achieving high plant availability 
and, hence, reduce maintenance costs (Nelson and Dowling 1998; Nakajima, 1988).   
2.3.1 Definition of Maintenance  
A plant/system’s performance does not solely depend on its operation and design; 
maintenance becomes an important factor in achieving high performance during the 
plant’s operational lifetime. The process of maintenance implementation and how it is 
performed has a strategic impact on the life-cycle of the component or equipment. 
Maintenance includes technical, administrative, and managerial actions that return the 
failed equipment to its normal condition within a stated period to perform its required 
functions (Velmurugan and Dhingra, 2015). Imai (1997, p.85) delivers a definition of 
maintenance that is related to the strategic goal: “Maintenance refers to activities 
directed toward maintaining current technological, managerial and operating 
standards and upholding such standards through training and discipline”.  
Maintenance actions have two primary types: preventive maintenance (PM) and 
corrective maintenance (CrM). Preventive and reactive maintenance actions can only 
repair the equipment to its inherent reliability (Ylipaa et al., 2017; Mobley et al., 2008; 
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Figure 2. 1 Main Types of Maintenance                                                                                                        
Dunn, 1998; Moubray, 1997). PM is carried out as a scheduled task (Time Based 
Maintenance) to increase the life of the system and reduce the likelihood of failure. On 
the other hand, CrM can include scheduled or unscheduled actions to restore the failed 
system to its normal operating condition by repairing or replacing the faulty parts of 
the system. In addition, several maintenance approaches such as Condition Based 
Maintenance (CBM), Reliability Centred Maintenance (RCM) and TPM utilise most, 
or all, of the major maintenance types that are shown in Figure 2.1 (Mungani and 
Visser, 2013). Further, appropriate maintenance requires techniques and technical 
skills to properly utilise assets like power plants. The key objective of maintenance is 
to increase the system’s functions (availability, performance, reliability, and quality). 
However, Velmurugan and Dhingra (2015) argued that poor activities of equipment 







Source: (Zaharia, 2016) 
 
Maintenance is significant and is crucial in reducing the risk of failure and its costs 
(Blischke and Murthy, 2003). When equipment fails to perform its required functions, 
it should be returned to service (operation condition) as soon as possible, this is called 
maintainability. Downtime is the time during which operation of equipment is stopped 
due to setup or repairs activities. When downtime starts, maintenance tasks and 
workforce are assigned to diagnose faults, secure spare parts, repair or replace the 
defective parts of equipment and test the condition of machines before returning to 
normal service. Moreover, Mean Time to Repair (MTTR) is mentioned as 
maintainability that measures the average time needed to repair failed machines. 
However, there are external factors that may affect the speed to accomplish 
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maintenance tasks and repair time. These factors involve the logistic delay, 
transportation, capability and skills of maintenance crews. Figure 2.2 shows the MTTR 
Concept. 
Developed by Author  
Moubray (1997) argued that maintenance evolution and development has passed over 
three generations from reactive actions towards predictive maintenance activities, see 
Figure 2.3. A characteristic of equipment in the first generation is that it was simple to 
repair. However, second and third generation equipment features were more complex 
(Waeyenbergh and Pintelon, 2002). Alsyouf (2007) discussed this development and 
introduces a fourth holistic process of maintenance. Dunn (1998) argued that the fourth 
maintenance generation places more emphasis on several issues such as safety, a 
greater integration between maintenance activities, equipment design, and functional 
requirements, as well as greater utilisation of information technology to diagnose, 
detect, and predict equipment faults. Pintelon and Parodi-Herz (2008) explain the 
development of maintenance concepts over different generations (e.g. TPM, RCM, 
etc.). Enlarging the maintenance concept from the traditional role of ‘repair the broken 
equipment’ or ‘perform preventive actions’ to more holistic maintenance procedures 
such as TPM to overhauling equipment related failures, is more productive (Sherwin, 
2000; Al-Najjar, 1996; Nakajima, 1988). Other authors such as Ahmed et al. (2005) 
also argue that TPM can go further than maintenance goals towards improvements of 
inventory size and customer complaints. Sandberg et al. (2014) also stress that 
maintenance functions need to expand and go beyond the current tasks of traditional 
maintenance. Similarly, Dunn (1998) stresses in his theoretical research paper on 
fourth generation maintenance, that maintenance department managers in the future 
Figure 2. 2 MTTR Concept 
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will need development beyond classical maintenance and into design and equipment 
selection. Many authors in the literature such as: Ruiz-Sarmiento et al. (2020); Sahal et 
al. (2020); Anh et al. (2018); Marr (2018); Li et al. (2017); Yan et al. (2017) explain 
the main elements of the fourth generation 4.0 industry concept that aims to optimise 
asset management through integrating AI technologies within maintenance activities 
and hence automated decisions and solutions are generated to asset managers for 
continuous improvement and development. Further, maintenance, from an economic 
viewpoint, has also been covered by several authors who presented holistic models to 
optimise maintenance costs (Ylipaa et al., 2017; Alsyouf, 2007). Related to this topic, 
Ahlmann (2002) argued that maintenance should be managed through effective 
processes and evaluated from a wide perspective rather just from an economic 
viewpoint associated with maintenance costs. 
Source: (Moubray, 1997; Waeyenbergh and Pintelon, 2002; Marr, 2018; Ruiz-Sarmiento et al., 
2020) 
Practically, MM comprises various approaches, where managers have perceptions of 
and a say in the way the above definitions are implemented in their organisations. 
Furthermore, in most organisations, managers perform quick-fix solutions without 
aligning their maintenance systems with business strategies. These reactive actions are 
usually the result of maintenance managers failing to recognise the impact of 
maintenance on business performance and strategy (Forster and Kayan, 2009; Murthy 
and Atrens, 2002). In this situation, maintenance teams may not have the ability to 
perform a maintenance strategy that fulfils their business strategy. Thus, maintenance 
managers need to emphasise the necessary maintenance levels to ensure the 
development of maintenance objectives that are in line with their strategies of the 
power industry.      
Figure 2. 3 How Maintenance Expectations Have Changed Over Three Generations                         
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2.3.2 Objectives of Maintenance 
Maintenance objectives are discussed by many authors (Ranga et al., 2016; Campelo et 
al., 2016; Crespo Márquez et al., 2015; Certa et al., 2011; Alan and Brit, 2009; 
Rosqvist et al., 2009) who consider them the most significant factors in optimising the 
operational effectiveness of power assets. It is essential to select or develop the 
appropriate maintenance strategy for power plants (Velmurugan and Dhingra, 2015). 
The key objective of maintenance activities, as discussed earlier, is to optimise and 
support operation processes. It is of great significance to recognise that maintenance 
functions become a core competency that adds value to operation processes and 
connects different levels of departments within the organisation. Further, maintenance 
objectives contribute to the power organisations’ profit by: reducing equipment 
deterioration and failures; reducing high repair costs; increasing equipment availability 
and reliability; increasing life-cycle of power assets; meeting customers’ expectations; 
eliminating accidents and improving safety awareness; reducing MTTR through 
precise and specific maintenance planning requirements. Shenoy and Bhadury (1998) 
clarify that the main objectives of maintenance are to increase the equipment 
availability with low resource costs and to increase the lifetime of equipment. Kelly 
(1997) described that a maintenance objective is to establish a balance between the 
unavailability costs and maintenance resources costs, which ultimately control 
unavailability. Unavailability costs involve the loss of production or electricity supply, 
whereas resource costs include corrective and preventive maintenance, labour cost, 
together with spare parts costs. Kelly (1997) explained that maintenance strategies 
need to define the main problems associated with plants, such as determining 
maintenance objectives, creating maintenance planning schedules for plant, setting up 
maintenance departments, and building appropriate systems of control. Crespo 
Márquez et al. (2009) defined that the maintenance management process can be 
categorised into two main parts: definition of the maintenance strategy and the 
implementation of the selected strategy. 
Thus, it is important to employ a comprehensive maintenance strategy to reduce high 
repair costs. Further, the safety of equipment and employee safety is a significant 
maintenance objective and helps to keep the workplace safe during the normal 
operation of power assets. In some situations, catastrophic failure of power plants can 
result in damage to the complete system of power assets and could endanger 
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employees in the workplace (Robinson, 2014). Conversely, other authors like Alvarez-
Alvarado and Jayaweera (2020); Braglia (2019) argued that consequences of failure 
may involves other risks associated with operational, financial and environmental 
issues. Carazas and Souza (2010) elaborated that power utilities need to avoid these 
risks through evaluating the likelihood of occurrence, severity and detection of 
equipment failures and prioritising high risk to secure the reliability, availability and 
performance of power plant operations. Therefore, utilising maintenance procedures 
appropriately can eliminate plant failures. However, even those procedures need to be 
reviewed and modified from time to time to confirm that the plant availability and 
reliability are maintained in accordance with maintenance strategy requirements.      
2.3.3 The Significance of Maintenance in the Power Industry 
The power industry strives to provide a stable and reliable electricity supply to its 
clients, safeguarding its survival in a competitive power market. The electric power 
distribution system is used to distribute electricity to consumers through electrical 
substations. These substations have electrical assets which follow a process to deliver 
power to houses, commercial buildings and factories (Bayliss and Hardy, 2012). In the 
modern world, maintenance plays an essential role in the power industry to maximise 
the availability and reliability of power plants. In addition, it identifies and repairs the 
root cause of failures which occur despite the fact that prevention of these failures is 
rather difficult. The proper maintenance of power assets has become significant due to 
its high risk in operational, environmental and financial aspects. According to the 
Ware (2006), electrical maintenance is performed for many reasons: to prevent 
hazards, to decrease unit costs, and to increase the availability and reliability of 
electrical plants. Most industrial assets are dangerous and can harm operators when 
faults occur on these assets; Crespo Márquezet et al. (2015), thus, clarified that proper 
maintenance can eliminate hazards and enhance risk assessments in the workplace. 
Additionally, it is widely known that inadequate maintenance can lead to catastrophic 
accidents and equipment failures. Singh et al. (2008) argue that effective maintenance, 
by accurately identifying faults, can lead to better and safer operations. Kelly (1997) 
stated that selecting successful maintenance strategies requires a good knowledge of 
equipment failure behaviour and maintenance management practices. When 
maintenance managers in the power industry recognise and consider how and when 
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equipment fails, then they can select the right mix of maintenance strategies to extend 
and maximise service and performance of their power assets. 
2.3.4 Types and Models of Maintenance  
Maintenance has seen dramatic changes in its activities since the 1970s. These changes 
occurred due to a huge number of various physical assets (e.g. power plants), which to 
maintain all its parts, used different designs and complex technologies to perform their 
required functions. In addition, change in responsibilities of maintenance and style of 
leadership management led to these dramatic changes in maintenance activities. 
Today, large industries like the power industry have huge assets with various multiple 
plants and require effective maintenance programmes. These programmes can aid in 
reducing equipment failure rates, increasing assets lifetime, optimising availability and 
performance of the equipment, and increasing the reliability of the whole system 
(Chowdhury and Koval, 2009). Figure 2.3 illustrates how maintenance philosophies 
and practices have improved over three generations from 1940 to 2000. Since the first 
generation covered a simple and light plant maintenance strategy, which worked 
smoothly to fix broken machines, maintenance systems or programmes were not 
required at that time. However, during the second generation, there were intense 
changes in machine technologies. The demand for high-quality plant operation 
increased, while the number of skilled technicians and engineers decreased sharply. 
Thus, computerisation and automation systems were created. In the third generation, 
there were huge assets that had more complex technologies. This led to research and 
the discovery of new techniques that resulted in the optimisation of maintenance costs 
and increased life-cycle length of assets.      
Organisations in the power industry invest in their maintenance techniques to 
overcome the main challenges facing maintenance departments to find suitable 
techniques. Thus, if the right decision is made toward selecting appropriate 
maintenance approaches, it is possible to improve the performance of power plants 
while simultaneously reducing and optimising costs of maintenance. Alternatively, 
wrong decisions may lead to negative impacts on existing problems, worsening the 
situation (Moubray, 1997). In addition, the maintenance of power plants needs to be 
performed very carefully with a planned scheduled to avoid unexpected failures. There 
are several maintenance programme that have evolved and the function of maintenance 
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has been recognised as the management of physical assets. Jain et al. (2014) discussed 
the progress of maintenance types over the years as follows:   
 Predictive Maintenance (PdM) 
PdM is a distinctive type of preventive maintenance that can be performed at intervals 
or continuously, based on the requirements, to diagnose the condition of equipment. 
PdM techniques have become the foundation for most modern maintenance methods. 
PdM programme involve different methods of problem diagnosis to predict equipment 
faults before they occur. This diagnosis involves several types of equipment testing to 
deliver results that can be compared with standard results. It is based on these results 
that the correct maintenance action can be taken (Schmidt and Wang, 2016). However, 
Velmurugan and Dhingra (2015) argued that installation of PdM is often expensive 
while the results of failure predication are difficult. PdM is also often referred to as 
condition based maintenance (CBM) and involves three main steps: data acquisitions, 
data processing, and decision making based on the condition monitoring techniques to 
select the right maintenance strategy. The condition monitoring technique is a process 
of monitoring and measuring the characteristics of operating equipment and it attempts 
to determine any changes in the monitored characteristics and compare them with 
standard measurements and, hence, predict the requirement for maintenance before 
serious deterioration or catastrophic failures occur. It provides accurate measurements 
and useful information the condition of equipment based on the two main types, which 
are on-line and off-line condition monitoring techniques. On-line techniques utilise 
sensor technology to detect signs of failure in real time (remotely). However, the 
offline technique is performed by an operator through periodic inspections and 
sometimes requires a shutdown of plant to measure the critical characteristics of the 
plant condition (Yang et al., 2010; Han and Song, 2003).  
The CBM programme has two important features: diagnostics and prognostics. 
Diagnostics is needed and utilised after equipment failure occurs. However, 
prognostics is more effective and efficient compared to diagnostics, when the aim is to 
attain high equipment performance (Jardine et al., 2006). Velmurugan and Dhingra 
(2015) reported that CBM can be useful and more cost effective in contrast to TBM. 
Implementation of PdM becomes significant when the security of power plants is 
critical. Thus, it has been utilised as a strategic decision-making technique that consists 
of predictive tools as well cost-effective methods (e.g. dissolved-gas analysis, 
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vibration monitoring, and thermography) to obtain data in real time and, hence, 
measure the physical condition of equipment during its operation. Accordingly, all 
activities of maintenance are organised and scheduled, based on priority and critical 
analysis of equipment (Bana E Costa et al., 2012).  Further, maintenance actions can 
be categorised into one of the three positions: imperfect, perfect, and minimal. 
Maintenance reflects the condition of equipment after repair to be ‘as good as new’ 
(AGAN), which is called perfect maintenance, or ‘as bad as old’ (ABAO) which is 
minimal maintenance, or between AGAN and ABAO which is called imperfect 
maintenance. Shaomin Wu and Zuo (2010) debated that both PM and CrM have 
imperfect maintenance. Pham and Wang (1996) and, more recently Chauvel et al. 
(2016), Shaomin Wu and Zuo (2010), Doyen and Gaudoin (2004) have provided 
useful reviews on the models of imperfect maintenance.  
 Reliability Centred Maintenance 
Many scholars like Bloom (2006); Smith and Hinchcliffe (2004) reported that RCM is 
an effective maintenance strategy which can be applied to any industry’s assets. RCM 
began in the early 1960s and a US airline sector implemented this kind of maintenance 
programme in 1978. It can determine the maintenance requirements for any physical 
asset through its operating context based on a logical philosophy of seven review 
questions. The primary objective of RCM is to maintain equipment functions. 
Furthermore, the RCM process involves checking how the equipment can fail, 
assessing the consequences of each failure mode, and choosing the proposed 
maintenance tasks for each failure mode of equipment. Crespo Márquez et al. (2009) 
have discussed the RCM implementation process based on details in Figure 2.4. 
According to Moubray (1997), the primary parts of technical systems or their 
subsystems are determined with the use of RCM information worksheets, which 
subsequently reveals system functions and functional failures for each part of 
subsystems. Moreover, these worksheets involve failure modes and failure effects of 
systems or subsystems. Finally, in a single strategic framework, RCM integrates all of 
its decision processes, presented through a decision diagram. Consequently, RCM 
decision worksheets are formed through using the combination of information 
worksheets and decision diagrams. These sheets detail specific routine maintenance for 
particular physical assets, condition monitoring (CM) techniques, or predictive 
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maintenance, which needs to be completed, and its frequency with the identification of 
crew size (Moubray,1997). 
RCM is one of the most effective maintenance strategies in the power sector 
(Mirsaeedi et al., 2018; Smith and Hinchcliffe, 2004). It can significantly optimise 
power assets through increasing lifetime, performance, and availability of assets by 
reducing the rate of failure, and, therefore, increasing the reliability of the whole 
system. It has several tools that are used to improve maintenance such as failure mode 
effects and criticality analysis (FMECA) and risk priority number analysis (RPN) and 
physical hazard analysis. FMECA is a significant technique for prioritising and 
planning activities of preventive maintenance and is often utilised as the source for 
maintenance planning. Moubray (1997) reported that FMECA is utilised to define the 
right maintenance activities for potential failure modes in the equipment and hence 
propose appropriate requirements for maintenance task. Carrying out maintenance 
correctly will decrease or eliminate potential failure modes from occurring to 
equipment. FMECA examines potential failure modes, potential effects of failure, and 









Source: (Crespo Márquez et al., 2009) 
RPN is used as an important technique within FMEA analysis. It is the product of the 
Occurrence (O), Severity (S), and Detection (D) ranking. Design risk is measured 
Figure 2. 4 RCM Implementation Process                                                                                  
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through RPN. Furthermore, it is used to define the priority of system failures, and it 
computes from low risk “1” to high risk “1000”. Occurrence is the probability that a 
particular cause will occur, where its ranking number has significance rather than a 
value. To reduce the occurrence ranking, design change for the causes of the failure 
mode should be implemented and hence this will result in removing or controlling 
main causes of failure modes. Occurrence is estimated on a scale of “1” to “10”. When 
the system or subsystem failure occurs, severity assesses the effect of the potential 
failure mode. Severity is implemented when there is effect only, and is also estimated 
on a scale of “1” to “10”. Detection assesses the ability of current design controls to 
identify a potential cause or the subsequent failure mode before the system or 
subsystem is released for manufacture. Planned design control should be improved to 
reach a lower ranking. Planned design control involves preventative, validation, or 
verification activities. Detection is estimated on a scale of “1” to “10” (Moubray, 
1997). Further, this kind of analysis is conducted by expert’s elicitation (maintenance 
employees, operators and contractors are involved) and then the RPN is calculated 
based on judgements each of those experts to assign the most critical components of 
the plant (Gupta et al., 2016; Alkali and McGibney, 2014). An example of FMECA is 
illustrated in Table 2.1 FMECA boasts such benefits as an improvement in the 
awareness of the equipment failures and operation, the highlighting of failures in 
advance, allowing for their prevention, and an improvement to communication 
channels between operations and maintenance staff. 
Developed by Author 
 
Mirsaeedi et al. (2018) proposed a method based on RCM concept in power 
distribution plants to define the optimum maintenance actions and optimise 
maintenance budgets. Reliability data and the employment of skilled personnel who 
have experience in equipment operation is of vital significance for RCM (Arno et al., 
Table 2. 1 Example of FMECA on Critical Part of Power Transformer  
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2016; Mendes and Ribeiro, 2015; Branská and Šilhavá, 2010; Ben-Daya, 2000). 
However, Sherwin (1994) argued that the economic issue of maintenance at the 
equipment level is not recognised by RCM. It emphasises only on improving the 
current plan instead of considering future plans and strategies at the start. Another 
shortcoming and limitation of this kind of maintenance type are that CBM techniques 
are not fully employing. Thus, the development of a potential failure cannot be 
predicted until near functional failure is reached; see for example (Hollick and Nelson, 
1995).Waeyenbergh and Pintelon (2002) elaborated that RCM complexity is a 
significant disadvantage which results in high cost of implementation. Another 
disadvantage highlighted by these authors is applicability limitations in the case of 
diverse geographical areas, different technologies, and different technical systems with 
different ages. It can be argued that in small-sized enterprises, RCM is often a very 
expensive proposition, since in such companies, more than a reliability issue, 
maintenance is considered an economic problem. However, RCM implementation in 
large power organisations can be justifiable, where there are critical physical assets 
with effective maintenance strategy requirements. This can be attributed to the need to 
ensure optimal and consistent power supplies, in addition to increased availability and 
reliability requirements. 
 Computerized Maintenance Management Systems (CMMS)  
CMMS is used to manage and organise a wide variety of information that is related to 
the maintenance resources of spare parts, labour, overhaul schedules, and equipment 
historical data. It is also used to create and schedule work orders of maintenance 
activities. CMMS has the potential to significantly reinforce and support the 
capabilities of reporting and analysis. However, Labib (2004) argued that organisations 
have difficulties in analysing extracted data, trends of equipment performance and 
other technical reports from CMMS system due to inconsistency of the data collected. 
 Total Productive Maintenance (TPM) 
TPM was introduced in Japan 1971 by Nakajima (1988) who was the chairman of the 
Japanese Institute of Plant Maintenance (JIPM) and is extensively adopted in 
manufacturing sectors today. It is an innovative maintenance strategy employed to 
increase overall equipment effectiveness by establishing inclusive productive 
maintenance schemes covering the entire life-cycle of equipment (Nakajima, 1988). 
Figure 2.5 shows the evolution of TPM. Further, it brings operators and maintenance 
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staff together through creating a combination of good working procedures with high 
standards, team working, and focused improvement. Thus, it increases the 
effectiveness of processes and equipment (Lee Cooke, 2000; Labib, 1999). Operators 
and maintenance staff need to have high levels of knowledge, be able to share the job 
of each other and sometimes develop new skills to achieve the TPM philosophy (Lee 
Cooke, 2000). Ahuja and Khamba (2008) discussed that implementation of TPM is not 
easy and faces many obstacles. Waeyenbergh and Pintelon (2002) argued that TPM 
does not reflect a maintenance concept because it has no clear maintenance rules and 
policies to decide which simple maintenance policy will be utilised. Wireman (2004) 
shares that “there is no single correct method for the implementation of a TPM 
programme”, which is elaborated by Bamber et al. (1999) who conclude that there is 
“a complexity and divergence of TPM programme adopted throughout industry”. 
Furthermore, introducing the TPM methodology in the power industry is considered a 
major challenge due to cultural issues (Aljanabi et al., 2016; Reiman and Oedewald, 
2004). The current structure of power plants is split between operation and 
maintenance departments and this may affect autonomous maintenance practice. Thus, 
TPM cannot execute without empowerment of operators, and participation in 
maintenance activities through senior management commitment across power plants. 
Appendix B gives more details about other maintenance types, strategy, and 
characteristics of world-class maintenance (WCM). 
 
 





                   
 
Source: (Jain et al., 2014) 
Figure 2. 5 Evolution of TPM                                                                                                               
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2.3.5 Reliability and Availability of Power Assets   
Nowadays, reliability engineering effectively prevents and decreases the likelihood 
and number of failures that occur in the power industry. In addition, it identifies and 
repairs the root cause of failures which may occur despite the rather hard attempts to 
prevent these failures. According to O'Conner and Kleyner (2012), the definition of 
reliability is the probability with which an item can carry out a basic function without 
the occurrence of any failure, under specified conditions with specified time periods. 
According to Carazas and Souza (2010), the probability that equipment can perform its 
required functions over a specified period of time, in line with its reliability and 
maintenance support, is known as availability. In addition, it is measured by two 
factors: mean time to failure (MTTF) and mean time to repair (MTTR). In the power 
industry, equipment should be available and reliable continually without any 
interruptions. If power plants are not properly maintained and reliably operated, a 
significant number of defects and damages could affect power supplies. Moreover, the 
reliability of power distribution, transmission, and generation systems can be 
optimised through installation and commissioning of new plants or through the 
maintenance of existing power assets (Sabouhi et al., 2016). 
The high reliability of power plants with effective maintenance activities can lead to 
increased plant performance, which is measured based on the parameters of reliability 
and availability (Gupta et al., 2009). In operation and maintenance activities, complex 
repairable systems interact in a complex way with multiple units such as equipment, 
persons, and environments. Dynamic changes often happen within the units 
themselves. Barabady and Kumar (2007) elaborated that reliability and availability are 
good measures of plant performance. Samrout et al. (2005) indicated that their values 
decrease as the age of components in plants increases. For example, their operating 
times are affected by their environments, their mutual interactions, and the 
implemented maintenance strategies and plans. According to Gupta et al. (2009), 
factors that influence the reliability and availability of a repairable system include: 
 
 Equipment (type and number of equipment, plant age, and characteristic defects in 
parts of equipment); 
 
 Operation conditions (level of highly skilled operators, inter-personnel 
relationships, working habits, safety measures, and severity of jobs assigned); 
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 Maintenance conditions (level of maintenance staff competence, inter-personnel 
relationships, working habits, safety measures, and efficiency of maintenance 
planning); 
 
 Logistic support (spare-parts and tools). 
 
 
Carazas and Souza (2010) reported that implementation of RCM can guarantee the 
improvement of plant performance and reliability by defining the right maintenance 
policy. However, Oyedepo and Olayiwola (2011) have conducted a case study that 
investigated the availability and reliability of Egbin power plants based on preventive 
maintenance implementation. They emphasised that senior manager needs to 
implement wise and new maintenance strategies that incorporate TPM philosophy that 
will enable Egbin power stations to improve their plant reliability, availability, and 
performance. 
 
2.3.5.1 Life Data Analysis 
 
In reliability analysis, life data analysis involves modeling and study of observed 
equipment lives. Life data represents the lifetimes of equipment that operated before 
failure occurring. Life data has different patterns, it can be measured in time, cycles, 
on and off switches, distance travelled, and many forms to failure. The following 
prediction and analysis are termed as life data analysis. The high quality of any 
parameter estimation depends on the high accuracy and comprehensiveness of the 
supplied data. Before analysing the life data, the selection of data or the sample from 
the data failure set should be collected in a proper way to demonstrate the right 
population of interest. Bad data contains insufficient information and can result in bad 
estimations. Therefore, good reliability data in line with the right selection of the 
distribution model will provide good parameter estimations (O'Conner and Kleyner, 
2012). 
Moss (2005) described that there are a few distribution models that have been 
implemented for failure rates arising from different equipment and failure 
mechanisms. The lifetime distribution is used to determine the right distribution model 
for a certain failure mode; this model is utilised when it fits with the whole failure 
data. The analyst aims to select the fit statistical distribution model according to a 
particular set of life data to estimate the parameters of the model. Once the parameters 
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are calculated, the analyst can get a range of results and plots, including: reliability, 
probability of failure, main time to failure, failure rate, predicting remaining useful 
life, and degradation analysis for a specific system. In regard to reliability analysis, the 
Weibull and Exponential distributions are used widely to model and analyse the failure 
data of different systems. However, the lognormal distribution is used to model the 
failure modes of mechanical systems, such as fatigue and stress. Appendix C give 
details about Weibull distribution.   
2.3.6 Maintenance Strategy  
Maintenance strategies comprise a combination of maintenance techniques and 
policies for each component of plant maintenance and they differ from plant to plant 
(Kelly, 1997; Dekker, 1996). However, Waeyenbergh and Pintelon (2002) argued that 
techniques used in maintenance strategies may not perform well due to low capability 
and knowledge of maintenance staff. Encouraging management skills such as task 
management, workforce management and planning can enable staff to prevent failures 
before they occur in early stages. Review maintenance strategies are also required 
periodically to match changing requirements of business and its environment. Further, 
formulation of maintenance strategies need alignment with business. Figure 2.6 shows 











Source: (Velmurugan and Dhingra, 2015) 
Figure 2. 6 Structure of Maintenance Strategy Formulation                                                             
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Maintenance managers in every organisation are facing the great challenge of 
implementing maintenance strategies as the maintenance philosophy of each 
organisation has different obstacles. Alsyouf (2007) argued that organisations strive to 
implement high maintenance standards, and consequently they fail to follow most 
standards due to different problems existing in maintenance actions. Campbell and 
Reyes-Picknell (2006) reported that implementation of maintenance policies and 
techniques are based on maintenance strategies which involves several units such as 
vision, mission, maintenance techniques, time scale, and rules. Figure 2.7 shows units 
of a maintenance strategy.          
Source: (Campbell and Reyes-Picknell, 2006) 
2.3.7 Characteristics of World-Class Maintenance (WCM) 
Wireman (1991) noted that organisations are realising the importance of employing 
effective plant operation maintenance strategies and systems of operations. He also 
highlighted that it is significant for maintenance management to be aligned and 
integrated with organisation strategy to ensure high-quality services to customers with 
competitive pricing and equipment availability. Further, TPM implementation is not 
easy and faces many obstacles and barriers (Ahuja and Khamba, 2008). However, 
Kodali et al. (2009) argued that to overcome these TPM shortcomings, several authors 
developed an alternative solution called the WCM system to promote the process of 
TPM implementation; see for example (Baglee et al., 2017; Baglee and Knowles, 
2010; Labib, 1999; Wireman, 1991). On the other hand, safety and maintenance audit 
are another characteristics of WCM.  
Many scholars (Macián et al., 2010; Kodali et al., 2009; Carnero and Delgado, 2008; 
Ray et al., 2000; Tsang and Chan, 2000) in previous studies have discussed how 
Figure 2. 7 Units of Maintenance Strategy 
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maintenance audit and safety impact the quality of maintenance practices. However, 
these studies exposed the challenges and difficulties in providing standard tool that 
could enable organisations in performing appropriate procedures in safety and 
maintenance audits. The reasons for these challenges may be lack of knowledge and 
lack of sophisticated analytical tools to assess the practices of maintenance quality in a 
plant.          
Norman (2001) explained that a company aspiring to employ WCM, such as TPM, 
will need to build a robust teamwork culture, utilise CMMS system, and implement 
predictive maintenance concepts and tools such as prognostics techniques to predict 
failures before they occur. Therefore, the implementation of these best practices 
through organisational structures, suitable planning systems, performance 
measurement techniques linked with CMMS systems, will lead to an enhanced process 
of equipment maintenance in terms of availability, reliability, performance, quality, 
and efficiency. On the other hand, many authors in previous studies (Brah and Chong, 
2004; Brah et al., 2000; Takahashi and Osada, 1990) discussed different performance 
measures to determine maintenance key performance indicators (KPIs) within 
organisations. These maintenance KPIs measures consists of strategic, financial and 
operational performance. Furthermore, Kodali et al. (2009) provided a framework of 
WCM that has similarities with Nakajima’s framework for TPM implementation. This 
framework, shown in Figure 2.8, attempts to reduce shortcomings related to 
frameworks of TPM.  It includes one of the most significant pillars of WCM: 







                
             Source: (Kodali et al., 2009) 
Figure 2. 8 WCM Framework                                                                                                    
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2.4 Total Productive Maintenance (TPM) 
In the critical transition of establishing world-class maintenance (WCM) practices, 
globally, the majority of firms are realising a critical need to develop effective 
maintenance processes of operation facilities and systems (Riis et al., 1997). WCM can 
be achieved by organisations by adopting and developing a continuous improvement 
system and a relentless pursuit of the elimination of waste (Willmott, 1994a). World 
class industrial companies need to have lean management tools, characterised by 
teamwork, commitment to quality, highly responsive processes and flexible 
machinery, which can all be delivered through implementing Total Productive 
Maintenance (TPM) (Bamber et al., 2000). 
2.4.1 Definition of TPM 
Several variations of the definition of TPM are available in the literature. According to 
Nakajima (1988), US productive maintenance was modified to align with the 
requirements of Japanese companies and called TPM. Correspondingly, the two 
approaches, specifically, Japanese and Western have been identified as the primary 
approaches in the TPM literature come to an original definition for TPM (Bamber et 
al., 1999). The Japanese approach is distinct from the Western approach. Specifically, 
in the Japanese approach, small group activity or teamwork concept is utilised to work 
on productive maintenance system. Alternatively, the Western approach stresses on the 
active participation of operators who work on equipment to improve its overall 
equipment effectiveness (OEE). Apparently, Nakajima (1988) has provided the most 
popularly used TPM definition, which also corroborates his position as the father of 
TPM. According to Nakajima (1988), when all the employees engage in productive 
maintenance through small group activities, it pertains to TPM, which also refers to a 
company-wide equipment maintenance programme. Correspondingly, Willmott 
(1994a) pioneered the Western approach to define the TPM; while also acknowledging 
the Japanese approach to TPM based on five pillars. However, the definition that is 
provided by Willmott ideally fits the Western industrial domain. According to Lee 
Cook (2000), the TPM approach ensures an approach that involves all employees with 
a company-wide engagement for overall equipment, processes, and machines to 
achieve world class manufacturing performance standards. In addition, TPM also can 
be referred to as maintenance programme aligned with the company aims towards 
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reduced equipment losses, defects, poor efficiency and stops, resulting in improved 
OEE. In addition, TPM programme also achieves a reduction in human resources, 
concurrent with the aim to reduce problems at the root. According to Robinson and 
Ginder et al. (1995), TPM should be made available as a legitimate improvement 
methodology to workers due to its complexity and continuity.  
In addition, due to its benefits of maximising equipment effectiveness, breakdown 
elimination, and propagate the autonomous maintenance concept in the employee's’ 
daily work; TPM has been referred to as innovative maintenance measure. 
Correspondingly, according to Tajiri and Gotoh (1992) this maintenance tool of TPM, 
entails the involvement of the entire company personnel towards a direct engagement 
with organisation objectives of ensuring zero breakdowns, zero defects, and zero 
accidents. Moreover, according to Maggard and Rhyne (1992), TPM is a new work 
system, which ensures achieving resolution of interface issues arising between 
production and maintenance departments. There is a complementing nature of TPM 
with continuous performance improvement (CPI), total quality management (TQM), 
total employee involvement (TEI), and just in time JIT; they reiterate its world-class 
strategic input in organisational maintenance.  
TPM is also concurrently known to improve the OEE utilising an active participation 
of the operators (Hartmann, 1992; Labib, 1999; Baglee and Knowles, 2010). 
Correspondingly, Suzuki (1992), asserts the joint team/group efforts of TPM processes 
implemented by companies that involves employees starting from senior managers to 
plant- floor operators. Likewise, Willmott and McCarthy (2001), described that 
Japanese management protocol of TPM is focused on the elimination of production 
losses, particularly those caused by breakdowns in machines. In addition, according to 
Bamber et al. (1999) TPM implies applying Total Quality Management (TQM) 
principles in the maintenance management field.  
Further, Baglee and Knowles (2010) provide the following five key elements outlined 
by Nakajima’s TPM definition: 
1. Focus on augmenting overall efficiency through maximizing the overall equipment 
effectiveness;  
 
2. Involvement of autonomous maintenance (operators) participation and 
implementation of small group activity; 
Optimising Total Productive Maintenance (TPM) and Asset Management Strategies through Artificial Intelligence 
(AI) Technologies: the Development and Enhancement of Abu Dhabi Power Networks 
53 
   
 
3. TPM programme oriented towards maintenance prevention, improvement related 
maintenance, and preventative maintenance through planning a company-wide 
involvement and implementation;  
 
4. Focus on engaging all the company employees from senior management to 
operators at shop floor through training and education of TPM concepts;  
 
5. Cross-functional maintenance programme ensuring engagement of equipment 
operators, equipment designers, maintenance department workers towards early 
equipment management to avoid any failure of equipment.   
According to Nakajima (1988), in the term TPM the word “total” has following three 
meanings pertaining to major features: 
 In TPM, total effectiveness indicates achieving economic profitability and 
efficiency;  
 
 It combines maintainability improvement (MI), maintenance prevention (MP) and 
preventive maintenance (PM); 
 
 Highlights complete employee participation towards autonomous maintenance 
conducted in small group activities by operators. Essentially, the operators function 
in teams and the machine’s responsibility is borne by them.      
 
According to (Ahuja and Khamba, 2008b), the primary TPM implementation aim is to 
ensure, zero failures, zero unplanned downtime, zero speed losses, and zero accidents.  
Thus, towards saving company’s operation cost and effect profit increase, TPM 
focuses on the reduction of equipment failures (Willmott, 1994a). Although, for 
successful TPM implementation, it is imperative that these objectives are supported by 
strong management support, congruent with continual teamwork and improvement 
oriented small group activities. Appendix D involves history of TPM and more details 
about aims of this maintenance strategy.   
2.4.2 Eight Pillars of TPM 
The principle TPM practices are called ‘the pillars of TPM’. Ahuja and Khamba 
(2008b) have provided the ‘pillars’ or the key TPM elements and these pillars are 
dominantly based on the pillars proposed by Nakajima (1988). However, the 
numbering and naming of these key elements or pillars differ between the various 
authors. Thus, organisations keen to implement the TPM, initiate the adoption and 
subsequent application of these pillars in accordance with the company status. 
According to Mishra et al., (2008), these TPM pillars constitute the framework of the 
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TPM structure and discuss the expansive availability of several pillars as suggested by 
different authors and scholars. Scholars developed the majority of these TPM 
frameworks on the basis of their consultancy experience. In their study, Mishra et al. 
(2008) studied these frameworks and found that amongst all the frameworks, a few 
were unique, and in some, there were slight differences in order and nomenclature.  
Study results from research by Cigolini and Turco (1997), reveals that this 
classification resulted in companies across the globe, structuring their TPM activities 
to align with minimum five pillars and also framed additionally customised pillars, 
furthering the original Japanese model. Adequate time is required for firms to 
optimally implementation complete pillars of TPM (Bamber et al., 1999). According to 
JIPM the organisational activities aligned with eight TPM pillars are as follows 
(Figures 2.9): 
1. Autonomous Maintenance (AM): In this unique TPM approach, as the name 
suggests, light and routine maintenance is performed by operators on their own 
equipment; the maintenance may include, cleaning, lubrication, and inspection. 
Nakajima (1988) has recommended adopting the 5s concept and the seven steps’ 
approach for optimal and accurate autonomous maintenance implementation. This 
TPM process involves training and rehabilitation of operators, to equip them with 
necessary skills for basic equipment maintenance activities, maintenance of optimal 
operational equipment conditions and prevention of equipment deterioration. The AM 
implementation is done post the successful completion of this training programme, 
which entails knowledge of simple repair activity and routine daily maintenance. As a 
result, operators are enabled towards fault identification and elimination, without 
disrupting work or delaying work due to the lengthy waiting period for service 
technicians. Thus, AM provides efficient self-maintenance of equipment approaches, 
which are dependent on operator training levels, capabilities and intra-coordination 
and cooperation in operation and maintenance departments. 
Ben Daya (2000) argues that in TPM implementation, the active involvement of 
operators results in permanent improvement in the overall effectiveness of equipment. 
Thus, employee empowerment and equipment management are two fundamental 
features of TPM. It is pertinent for mechanics and operators to cooperate and work in 
teams towards the same goals, since there is high significance placed upon the 
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involvement of operators in successful TPM implementation. This can be 
pragmatically achieved through a systematic approach of learning by properly trained 
and certified operators and vice-versa skill training to enable operators to perform 
mechanical tasks. There are several benefits of these operation and maintenance 
partnerships: 
 Multi-skilling of mechanics and operators results in improved worker flexibility 
and job enrichment; 
 
 A sense of ownership, pride, and responsibility is inculcated as operators are 
involved in routine maintenance tasks; 
 
 Results in an increase in productivity and reduction in delay times; 
 
 Operations and maintenance staff develop improved teamwork qualities. 
 
According to Yamashina (1995), operators affect the performance of the plant and not 
managers or systems, irrespective of advanced manufacturing techniques employed in 
plants. Correspondingly, for deterioration prevention, it is essential that operators 
participate proactively in the maintenance function. Thus, it is essential to 
acknowledge the significant role of operators in equipment condition, operation, and 
maintenance. TPM co-operative team strategies ensure the singular focus of 
maintenance personnel on technical tasks and develop their expertise with learning 
about advanced sophisticated techniques. Thus, towards joint accountability and 
equipment responsibility, there should be a mutual understanding between the 
maintenance personal and operators (Lawrence, 1999; Ben-Daya and Duffuaa, 1995). 
2. Focused Improvement (FI): This particular approach of TPM, pertains to 
maintenance tasks aims to reduce and completely eliminate the losses of equipment. 
This elimination results in achieving zero proportion in the PM tasks losses, which 
reduces costs and improves performance. Thus, FI entails PM activities aimed at 
maximising the OEE of equipment. The meaning of the Japanese word ‘Kobetsu’ is 
focused and similarly, the Kaizen term is made of two words: Kai and Zen, Kai means 
change and Zen means to improve. Thus according to Nakajima (1988), Kobetsu 
Kaizen or focused improvement signifies activities which completely eliminates losses 
and enhances performance to achieve optimal maximisation of effectiveness in 
equipment.  
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3. Planned Maintenance (PLM): This approach of TPM according to Ahuja and 
Khamba (2008b) is focused on ensuring high plant availability through equipment 
maintenance towards defect free products. PLM also involves, maintenance work 
implementation with means of planning, control and organising specific information, 
with reference to maintenance tasks, like, labour, materials, methods, and required 
times. Thus, planned maintenance aims to ensure most advantageous equipment 
performance with minimising maintenance costs and functioning of equipment to 
optimal level at all times. 
4. Quality Maintenance (QM): Venkatesh (2007) describes QM as the TPM, which is 
underpinned by idea that perfect equipment should be maintained to have perfect 
quality of services; this, in turn, ensures consistent operational quality of all processes 
and machines are maintained to produce defect-free and quality products. In addition, 
according to JIPM, QM creates conditions, which are conducive to product defect 
prevention and continual control of circumstances to achieve zero defects. 
5. Training and Education (TE): according to Venkatesh (2007), TE focuses on 
developing multi-skilled employees through achieving improvement in individual 
abilities. For an effective and independent maintenance task completion, education and 
training equipment operators with diverse skill sets. Typically, operators might be 
limited in their understanding of equipment main operating principles, with often, 
maintenance crews additionally being unaware of modern maintenance methods. 
Therefore, the TE approach ideally includes fundamentals, overall productivity 
maintenance requirements towards skill improvement of employees’ abilities in the 
maintenance field.  
6. Development Management is also called Maintenance Prevention (MP), and 
Suzuki (1994) refers to it as early management. Correspondingly, Nakajima (1988), 
refers to this TPM pillar as the equipment improvement activities undertaken prior to 
the initiation of normal operation; this is a comprehensive approach in which the 
maintenance personnel and by operation teams perform preventive maintenance and 
also maintenance free design. The idea is to structure new equipment design, using the 
early equipment management towards minimising or completely eliminating 
maintenance, which in turn would improve organisation competitiveness. Thus, 
equipment operational reliability is augmented with early equipment management, as 
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in the design phase itself, maintenance systems are developed, with quality 
maintenance concept introduction. Moreover, according to Robinson and Ginder et al. 
(1995), current equipment can also be moulded in new designs for high-quality 
performance, which can be optimally achieved through coordination and cooperation 
between organisation specialists and engineers and equipment suppliers. 
7. Safety, Health, and Environment (SHE):  this pillar implies a workplace-oriented 
focus with achieving accident-free shop floor through ensuring surrounding area 
safety. In addition, according to Nakajima (1988), “Ensuring equipment reliability, 
preventing human error, and eliminating accidents and pollution are the key tenets of 
TPM”. This TPM pillar confirms that organisational performance of criteria including 
safety, health, and environment are not overshadowed or eliminated with other TPM 
pillars improvements (Jafari et al., 2014). This SHE pillar also ensures a concurrent 
field requirements availability as the actions and resources needed for substantial 
improvements in manufacturing process performance. According to Narender and 
Gupta (2012), organisational safety, human health and environment is achieved 
through eliminating injuries, accidents, and occupational diseases through safe 
working environments. 
8. Office TPM: according to Pomorski (2004), Office TPM refers to maintenance 
tasks focused on efficiency improvement, logistic and administrative functions’ 
effectiveness. TPM thus can be adopted and applied in operational sectors and not only 
to equipment maintenance but also in organisation administrative work. The 
underpinning idea involves elimination of losses, improvement in productivity and 
inducing efficiency in administrative jobs. Thus, the process involves processes and 
procedures, to minimise or completely eliminate the issues and losses in administrative 
work. In administrative functions, according to Narendra and Gupta (2012), processes 
face issues of communication losses, office equipment disruption, communication 
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Source: (Nakajima, 1988) 
 
 
Waeyenbergh and Pintelon (2002) argued that TPM does not reflect a maintenance 
concept because it has no clear maintenance rules and policies to decide which simple 
maintenance policy will be utilised. Thus, building a robust maintenance strategy such 
as TPM in the power industry needs to be investigated to promote successful 
implementation of TPM. Further, detailed TPM initiatives and activities (Ahuja and 
Khamba, 2008b) related to respective TPM pillars in an organisation are presented in 
Table 2.2. Operators and maintenance staff need to have high levels of knowledge, be 
able to share each other’s job and sometimes develop new skills to achieve the TPM 
philosophy (Lee Cooke, 2000). Its implementation is not easy and faces many 








Figure 2. 9 TPM Eight Pillars  
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2.4.3 Concept of 5S 
The 5S concept has five Japanese words starting with letter S: Seiri, Seiton, Seiso, 
Seiketsu and Shitsuke, which in English mean: sorting, set in order, shine, standardise 
and sustain (Gupta and Jain, 2015). Each element of 5S is briefly described in Table 
2.3. 5S has been observed to improve workplace environments with waste reduction, 
unplanned downtime, in addition to in-process inventory (Bayo-Moriones et al., 2010; 
Korkut et al. (2009). Various scholars (Osada, 1991; Hirano and Talbot, 1995) have 
provided diverse 5S frameworks and Kobayashi et al. (2008) compared these 
frameworks to reveal a distinction between the application of 5s as a philosophy. This 
distinction was highlighted by the fact that in Japan, 5S is considered as a philosophy, 
while in the UK and USA 5S is considered is more like a technique or tool. 
Specifically, Osada (1991) considers 5S as a tool of strategic input in learning and 
change, and organisational development. Various scholars (Nakajima, 1988; Willmott, 
Table 2. 2 Fostering Operator Skills through TPM Pillars                                                             
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1994a; Ahuja and Khamba, 2008b) associated TPM with 5S, highlighting its 
consequential role in the implementation of TPM, thereby forming the fundamental 
basis of the TPM pillars. 
However, 5S implementation has many challenges (Bayo-Moriones et al., 2010) and 
these barriers as highlighted by Randhawa and Ahuja (2017) include, leadership 
limitation, employee non-involvement, and inferior communication lines. 
Correspondingly, change resistance has been highlighted as a prominent 5S system 
implementation and sustenance challenge (Grier, 2008). Various scholars (Ablanedo-
Rosas et al., 2010; Suarez-Barraza and Ramis-Pujol, 2012; Warwood and Knowles, 
2004; O'hEocha, 2000) have described more details of barriers to 5S implementation. 
Correspondingly, for a seamless implementation, Ikuma and Nahmens (2014) suggest 
integrating 5S initiatives with organisational objectives.  
 








2.4.4 Overall Equipment Effectiveness (OEE) 
In maintenance, the TPM approach aims at continuous performance improvement 
through increased efficiency and effectiveness of certain industrial activities. This is 
evaluated through the OEE, which is computed through the product of quality, 
performance, and availability. In its calculation, “six big losses” [quality losses (1) 
process defects, (2) reduced yield; performance losses (3) minor stoppages, (4) slow 
cycles or speed; availability losses (5) plant failure, (6) set-up and adjustments] are 
measured to systematically reduce 100% theoretical availability to achieve maximum 
Table 2. 3 Elements of 5S  
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equipment effectiveness. However, according to Waeyenbergh and Pintelon (2002), 
this calculation does not provide a complete analysis as it neglects the component of 
profits and cost, thus limiting its applicability in comparison of competitive systems or 
machines. This further evidences the incomplete nature of TPM as a maintenance 
concept in the power industry. It could be argued that a wider classification of losses is 
necessary for OEE to help improved machine utilisation understanding. Also, diverse 
industries and business domains are affected by different OEE measurement levels and 
factors. Figure 2.10, presents the OEE calculation with reference to the six major 
losses’ impact on production systems.    
 Source: (Nakjima, 1988) 
According to Bamber et al. (2003), the explicit or definitive use of Nakajima’s (1988) 
six big losses is not necessarily important in organisational OEE assessment. 
Although, as presented in Figure 2.10, organisations should develop their own 
classification framework oriented towards categorising losses, the framework should 
be in alignment with availability, quality, and performance components. Ylipaa et al. 
(2017) have highlighted the variable industrial application of OEE in diverse 
organisational structures with the development of diverse concepts (see for example 
Muchiri and Pintelon, 2008). However, OEE does present certain shortcomings and it 
has been found that OEE measurement does not account for equipment or system 
process characteristics (Garza-Reyes, 2015). These factors may impact the OEE 
calculation significantly as compared to surrounding factors taken into consideration. 
Figure 2. 10 Six Big Losses                                                                                                         
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In addition, OEE measures are also limited by failing to take into consideration 
production environment factors. These factors impact machine, production line, or 
process performance, including labour management and utilisation improvements or 
incompetence; also cost, quality, raw materials issues (Carza-Reyes, 2015). Although 
OEE is a powerful metric in manufacturing sectors, it cannot be used in service 
industry. Willmott et al. (2019) elaborated that OEE metric has limitations within 
service industry like power organisations due to difficulties in calculating both 
performance and quality measures associated with power plants. 
2.4.5 Successful Steps of TPM Implementation 
According to Mishra et al. (2008) robust and stringent implementation steps of TPM 
were followed by winning companies of TPM Award in Japan. The JIPM has 
instituted these steps as accessibility criteria for participating and competing 
companies:  
Stage I: Preparation:  This stage involves the initial steps of the senior management 
making the necessary announcements on TPM introduction. This stage also entails 
launching educational campaigns, creating organisations for TPM promotion, the 
establishment of fundamental TPM goals and policies, and formulation of TPM 
development master plans.  
Stage II: Preliminary Implementation:  This stage involves conducting the kick-off 
meeting for TPM and addresses any potential issues.  
Stage III: TPM Implementation:  This stage involves equipment effectiveness 
improvement and also an autonomous maintenance programme establishment-oriented 
at operators. This programme will include, clean-up and lubrication standards 
formulation, initial clean-up, outbreak sources containment measures, overall check-
up, cleanliness, and standardisation. In this stage, the maintenance programme 
schedule is also set up for the maintenance department, with training for operational 
and maintenance skills improvement. In addition, in this stage, the initial equipment 
management programme is developed. 
Stage IV: Stabilization:  This is the final implementation stage involving complete 
TPM execution with a focus on consistently achieving higher goals. 
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Chan et al. (2005) discussed difficulties in the implementation of TPM and the barriers 
encountered during the implementation stage through a case study in electronic 
manufacturing. They mentioned that several causes and failures affected the first 
attempt of TPM implementation in the company such as lack of long-term vision, lack 
of management support, and lack of culture change. However, these barriers were 
overcome during the second attempt. Thus, this continual journey of TPM 
implementation requires several years before its benefits will be visibly apparent, and 
the challenges of the implementation process produce great rewards in the long run. 
2.4.6 Impact of TPM Implementation   
According to Jain et al. (2014), the TPM practice and examination has been popularly 
adopted globally in various industrial domains and the resultant outcomes indicate the 
benefits of its implementation. Suzuki (1994) also corroborates TPM implementation 
benefits to be tenfold of the incurred costs. Above and beyond ensuring zero 
breakdowns, free defect product, zero accident, the aim of TPM implementation is to 
sustain these objectives throughout the working of the organisation. According to 
Kumar et al. (2014), benefits of TPM implementation can be reflected in terms of 
improvement in the following elements: productivity, quality, cost, delivery, safety, 
and morale (PQCDSM). Lee Cook (2000) elaborated that improvements in equipment 
reliability, availability, performance, and reduction on maintenance expenses have 
resulted in optimising assets life in a number of industrial companies when 
implementing TPM.  Jain et al. (2014) divided the benefits of TPM into two categories 
as the following: tangible benefits that include unplanned downtime elimination, 
performance optimisation, accidents and scrap reduction; intangible benefits: 
inculcating an ownership feeling amongst the employees, team oriented activities 
boost the employee morale and experience sharing. Successful implementation of 
TPM may lead to increase job satisfaction and employee morale by enabling staff to 
participate and engage with every aspect. Furthermore, Kumar et al. (2014) have 
shown the performance indicators that are widely utilised within TPM in Indian 
industrial companies. However, they reported that the measurement unit for 
performance indicators (related to PQCDSM) differs from industry to industry (Kumar 
et al., 2014). 
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2.5 Maintenance Practices in the Abu Dhabi Power Industry  
The equipment repair, service, and maintenance developed as a comprehensive 
concept with the development of equipment’s significance in the success of 
organisations. The Abu Dhabi Water and Electricity Authority (2016) issued a statistic 
report about its power assets performance which evidenced the organisation’s struggle 
with reliability index improvement of power assets; concurrently to ensure world class 
performance, a reduction in power supply interruption is required (Chowdhury and 
Koval, 2011). It has been observed that to enhance their power networks these 
companies in Abu Dhabi perform traditional PM activities and heavily invested in a 
variety of technical projects (like built new power stations and replaced aged power 
assets), with outcomes showing minimal improvement. However, the report shows 
clear evidence that there is no investment in improving maintenance tools, techniques, 
and strategies. In addition, there is a lack of knowledge in utilising modern 
maintenance approaches such as RCM, predictive maintenance, prognostic techniques, 
participation of autonomous maintenance, and reliability assessments for their assets.  
Furthermore, in Abu Dhabi power industry, the maintenance programmes are planned 
and performed following the strategies and policies of asset management to optimise 
life-cycle cost of power plants, while maintaining the quality and security of power 
supply. Moreover, the annual maintenance programmes (planned) start yearly in 
October and finish at the end of May. There are different types of maintenance 
programmes across Abu Dhabi power plants that are implemented annually to keep the 
maintenance of power assets in cost-effective manner, efficient and safe (Alsheryani et 
al., 2019). Table 2.4 shows the several maintenance types conducted at Abu Dhabi 
power plants.  
Typically, all maintenance activities are required manpower consist of labors, 
electricians and technicians, while BRD, CM, PM and CN activity also need specialist 
engineers. On the other hand, inspection activities of plants’ physical condition (e.g., 
equipment’s parts condition, testing of internal diagnostic for plant, civil and structure 
condition, etc.). Both the asset condition code (ACC) (e.g., 5, 4, 3, 2 and 1) or asset 
health index (HI) (e.g., 0-100%) determine the grading of assets based on the 
aforementioned diagnoses of plants’ physical condition and carrying out certain 
calculation. The grading begins from 1 to 5, where figuring means; 5: the asset is near 
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to fail (very poor) and requires replacement, 4: poor, 3: fair, 2: good and 1: the asset’s 
condition is very good. Furthermore, the assessment of asset criticality is calculated 
based on the special network criticality, mean time to repair, replacement costs, spare 
capacity, type of customers served and the population served. The criticality of asset is 
indicated by low, normal and high. However, the maintenance decision is generated 
manually based on the condition analysis of assets to determine the right maintenance 
task and frequency required for each plant (Alsheryani et al., 2019).        
Adopted from (Alsheryani et al., 2019) 
 
Continuous improvement with effective utilisation of distribution management system 
facilities enable power organisations in enhancement of their technical KPIs related to 
assets management. However, Rayees and Al Rashide (2015) mentioned that Abu 
Dhabi power organisations focused mainly in improving their availability through 
planning and managing network outages without considering the real measurement of 
power plant reliability indexes. Mariappan and Rayees (2017) elaborated that power 
organisations increasingly refurbish/replace old equipment and substations with new 
one. This is due to lack of understanding and implementing the reliability concept over 
power plants. Rayees and Al Dahmi (2017) reported that requirements of regulatory 
body in Abu Dhabi (RSB office) always challenge power companies to improve their 
network KPIs. The aim of RSB office in accordance with governmental targets is to 
support utilities in Abu Dhabi to achieve top quartile performance over global utility 
organisations. However, Rayees and Al Dahmi (2017) indicated some power 
Table 2. 4 Maintenance Types at Power Distribution Companies (33/11 kV Power Transformer 
(PTR), 11/0.4 kV Distribution Transformer (DTR), 11 kV Vacuum Circuit Breaker (VCB) 
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distribution organisations in Abu Dhabi have challenges related to safety and crises 
management during critical failure of power assets. Therefore, building effective crisis 
teams with conducting safety system training would enhance the business continuity 
management across power plants. Conversely, participation of operators in 
maintenance activities is significant to optimise the OEE of power plants. However, 
Rayees and Al Rashide (2015) argued that operators cannot manage the power network 
individually due to their capability and maturity. Thus, operations teams need to 
empower to take right decisions and provide valuable feedback during plant failure. In 
addition, effective training programme would enable operators to avoid risky decisions 
that may result in causing unwanted consequences.  
Alsheryani et al. (2019) highlighted that energy sector in Abu Dhabi has maintenance 
challenges in two aspects: unified data platform and condition monitoring techniques 
of power plants. There is lack of data collection and recording due to a unified data 
platform. Also, most of aged assets are missing history archives and not registered. On 
the other hand, condition monitoring technique is one of the main pillar for predictive 
maintenance and it utilise sensors to record and monitor measurements of critical 
power assets through online platforms. However, Abu Dhabi power plants do not have 
these sensor technologies due to many challenges related to issues with sensor 
installation and configuration and big size of power networks that involve a large 
number of equipment from different suppliers. According to scholars, industrial sectors 
such as power companies show low reliability indexes due to low quality training 
systems, bad maintenance practices and zero operators’ participation in maintenance 
activities (Junior et al., 2018; Chowdhury and Koval, 2011; Gupta et al., 2009; Singh 
et al., 2008; Kang et al., 2000; Ben-Daya, 2000). According to Salaheldin and Eid 
(2007), industrial companies aspire to achieve world class performance, to gain 
leverage in the global market competition. Thus, Alsheryani et al. (2019) claimed that 
Abu Dhabi power companies should review and mould their maintenance strategies to 
maintain their systems and assets effectively as well increase the sustainability of 
power assets management.  
2.6 Maintenance Culture of Organisations 
The researcher in this particular section discusses the national culture and culture 
definitions; discussion between the inter-nation cultural differences; the impact of 
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TPM on the organisation’s maintenance culture as well as TPM implementation within 
Japanese and Western cultures. The underlying aim in the discussion is to identify 
maintenance culture and its characteristics, and subsequently aid in further research of 
identifying obstacles to successful implementation of TPM.  
2.6.1 Culture Definition 
The available management literature presents an extensive discussion on the 
significant effect of culture on practice. Correspondingly, in the recent past, the 
general degree of impact of culture on the occupational, organisational, and national 
culture has been discussed extensively. Likewise, several authors argue upon the 
various culture definitions in use even in present times. According to Adler and Jelinek 
(1986, p. 74), culture is defined as, “a set of taken-for-granted assumptions, 
expectations, or rules for being in the world. It is a paradigm, map, frame of reference, 
interpretive schema, or shared understanding". Similarly, Hofstede et al. (2010, p. 6) 
describes culture to be, “the collective programming of the mind which distinguishes 
the members of one group or category of people from another". Herein, the term 
‘group’ implies a collection of individuals, in touch with each other; and similarly, the 
term ‘category’ means a collection of people with some common characteristics; 
irrespective of them being in contact.  
Organisational culture, is defined as having been evolved with the organisational 
growth and is expressed in the organisation’s belief patterns, values, coping 
mechanisms and are evident in the employees’ behaviour and material arrangements 
(Brown, 1998; Schein and Schein, 2016). Thus, the term organisational culture reflects 
the thinking, reacting and feeling patterns and can be inferred as, “the existing pattern 
of beliefs, attitudes, values and procedures in an organisation". 
2.6.2 Culture Difference and its Impact on Maintenance Management 
Systems 
According to Al-Ali (2008), workplaces in the United Arab Emirates (UAE) have not 
widely considered organisational culture. Abdelkarim (2001) has been conducted 
research on UAE labour market and problems of nationals’ employment. He identified 
that UAE workplace environment has not followed concepts of commitment-based 
work culture. According to Al-Khalifa and Aspinwall (2001), the quality 
implementations in an organisation are impacted by the national culture, which affects 
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the organisational culture as it is representative of the commonly shared 
society/country values. Correspondingly, Table 2.5 presents a distinctive comparison 
of the US, Japan and Arab countries’ significant cultural values held in society 
(Elashmawi and Harris, 1993). The table clearly highlights the significant cultural 
difference between these three countries, which is apparent from the diverse 
prioritisation of the cultural values amongst the three countries. This, in turn, can 
verily impact the employees' performance, managerial attitudes, and technology 
transfer, etc.  
Table 2. 5 Cultural Values Priorities  
(Source: Elashmawi and Harris, 1993) 
 
United States Japan Arab Countries 
1. Freedom 1. Belonging 1. Family Security 
2. Independence 2. Group Harmony 2. Family Harmony 
3. Self-reliance 3. Collectiveness 3. Parental Guidance 
4. Equality 4. Age/seniority 4. Age 
5. Individualism 5. Group Consensus 5. Authority/Subservient 
6. Competition 6. Cooperation 6. Compromise 
7. Efficiency 7. Quality 7. Devotion 
8. Time 8. Patience 8. Patience 
9. Directness 9. Indirectness 9. Indirectness 
10. Openness 10. Go-between 10. Hospitality 
Notes: “1” denotes most significant cultural value, “10” the least 
Hofstede et al. (2010) discussed the difference among organisational cultures and 
national culture is distinctions may be made between categories of people or members 
of one group from another. Organisation cultures differ mainly at the more superficial 
practices level: rituals, heroes and symbols. On the other hand, national cultures differ 
typically at the values level. Organisational cultures can be changed much faster 
through learning on the job. However, national cultures cannot change easily and can 
take generations to be changed. Correspondingly, the culture differences amongst 
clustered cultures and nations have four dimensions (Hofstede et al., 2010; Hofstede, 
2003; Hofstede, 1984); and are categorised as (1) "Masculinity-Femininity”; (2) 
"Power-distance"; (3) "Individualism-collectivism"; (4) "Uncertainty avoidance"; (5) 
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“Long- versus short-term orientation” and (6) “indulgence versus restraint” on high or 
low level positioning of these dimensions.   
 Masculinity – Femininity: represents the roles distribution between women and 
men. In masculine societies, men and women display discernibly different social 
roles with less overlap. This masculinity culture signifies a preference in society 
for assertiveness, heroism, achievement, material rewards and competition. 
Demonstrating success and being fast and strong are the main characteristics of 
masculinity culture. Whilst in femininity culture, there is a clear overlap between 
female and male roles. This culture represents modesty, collaboration, negotiation 
and participation from all levels. This culture also focuses on quality of life 
through having good relationships between employees and supervisors. Work-life 
balance and workplace flexibility are key characteristics of femininity culture. 
  
 Power-distance:  this culture represents the acceptance of power distance based on 
high or low power. In high power societies, the members show high respect to 
higher management and authorities, while in low power societies, there is an 
equality in distribution of authority and hence establish a democracy culture as 
social control; 
 
 Individualism-collectivism: in individualist cultures, an individual assumes the role 
of responsibility to his/her immediate family as a natural course of action; 
alternatively in collectivist cultures, an individual belongs to a group by birth 
permanently; 
 
 Uncertainty avoidance: as the name indicates, in this cultural scenario, the people 
introduce and establish strict behaviour codes with absolute truths belief to avoid 
situations deemed unclear, and unstructured. 
 
 Long-Term Orientation vs. Short-Term Orientation: Cultures demonstrating a 
long-term orientation focus on preparation for the future. Education, thrift, 
modesty, obligations and virtues are the main characteristics of long-term 
orientation. High score of this time orientation reflects a pragmatic approach 
through encouraging efforts and thrift in modern learning as a way to prepare for 
the future. While cultures demonstrating a short-term orientation focus on the 
present and past as well as concern with short-term gratification. Strong 
convictions, values and rights are the main characteristics of short-term orientation. 
In short-term oriented societies, people tend to place more emphasis on truth, 
consistency, principles and are typically nationalistic and religious. Understanding 
a culture's time orientation will aid managers to identify motivations and design 
incentive plans for employees across organisations.   
 
 Indulgence vs. Restraint: Indulgence refers to a culture that encourages relatively 
free gratification of natural and basic human drivers associated with having fun and 
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enjoying life. Optimistic, importance of freedom of dialogue and debate in 
meetings or decision making and focus on employee happiness are the main 
characteristics of indulgence. While restraint refers to a culture that suppresses 
gratification and regulates needs due to stricter social norms and control of people's 
behaviour and conduct. 
The original model was developed based on four dimensions (namely masculinity 
versus. femininity, power distance, individualism versus. collectivism and uncertainty 
avoidance), and are used and tested by Hofstede to understand the differences in 
national culture across countries including the UAE, and to examine their influence in 
business settings. However, the UAE has no score and data for other two dimensions 
(long- versus short-term orientation and indulgence versus restraint) within new model 
that proposed by Hofstede et al. (2010). Thus, this research focused only on the 
Hofstede’s original model that involves the four dimensions. In Chapter 4, section 
4.10.3, the researcher developed his theoretical framework that involves the original 
four dimensions to compare them with existing results of Hofstede’s original model 
across the UAE. 
According to Hofstede (2003); Hofstede and Hofstede (2005); Hofstede et al. (2010), 
the primary organisational cultural factors include, (a) well-defined job, (b) preferred 
managerial style, (c) optimal working conditions and infrastructure, (d) growth 
opportunities, (e) conflict attitude, (f) hierarchical structure need, (g) employment 
security and (h) regulation compliance. Hofstede (1984) has been conducted a survey 
study to explore the differences of organisation culture values in 40 countries and 
results of survey collected from large multinational companies. The results show that 
through a comparative analysis; four universal culture dimensions were suggested, 
which as regards to work presented universal social behaviour. In the Arab study 
sample, countries of Lebanon, Saudi Arabia, Egypt, UAE, Kuwait, Libya, and Iraq 
were included. The findings from the power distance analysis of the Arab countries 
showed an average score of 80 and ranked seventh highest amongst 40 
countries/regions; this highlighted the existent wealth and power inequality of high 
levels, within the society. Correspondingly, on the second dimension analysis of the 
Arab countries showed an average score of 68, which highlighted high uncertainty 
avoidance levels, within the society.  
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Towards reducing or minimising of these uncertainty levels, the society instated 
regulations, policies and laws, for implementation. In the analysis of third masculinity 
dimension, Arab countries showed a high ranking of masculinity level. With an 
average score of 52 across the Arab countries, it stood at the 23rd position amongst 40 
countries/regions. Moreover, the score higher than the global average of 50.2 indicates 
the influence of Muslim religion with limited rights of Women as opposed to the 
results being influenced by the cultural paradigm.  
On the fourth individualism dimension, analysis of the Arab countries showed an 
average score of 38 in comparison to 64-world average ranking; which indicates a 
collectivist society culture in Arab countries, evidenced by existent extended 
relationships or extended family. In addition, the majority of UAE workers practise 
Islam religion with Islam exercising most influence on individual and group behaviour 
shaping, regulation and conduction (Yousef, 2000). Concurrently, Yousef also argues 
the facilitation role of Islamic culture and values towards successful organisational 
development and transformation. He furthermore emphasises upon the favourable 
outlook of the Arab managers on organisational effectiveness improvement and 
employee welfare enhancement. This is corroborated by Ali et al. (1997), who argue 
on the quality characteristics of Arab traditions and Islamic teaching of placing high 
significance on family respect, group loyalty, and humbleness in transactions, which 
positively impact the work environment, specifically, managers and employees. Al-
Zamany et al. (2002) elaborated that Islamic values lead managers to implement 
effective activities to achieve high TQM practice across their organisations. Thus, it 
can be safely assumed that the relationships evaluated in this research are influenced 
by such work setting. Furthermore, the researcher selected many countries UAE, 
Jordan, Iraq and Egypt (Middle East) and India, Pakistan, Bangladesh and Nepal 
(South Asia) from results of Hofstede study as an example to show differences of 
organisation culture values within two different regions: that is the Middle East and 
Southern Asia, as illustrated in Figure 2.11. In industrial organisations across UAE, 
southern Asian countries (India, Pakistan, Bangladesh and Nepal) are the predominant 
nationality of the workforce below local senior management level. However, there are 
few operative staff like technicians and operators from Middle East countries (UAE, 
Jordan, Iraq and Egypt). According to results of national culture (Hofstede, 2003; 
Hofstede, 1984), the power distance scale score of both Arab countries and India show 
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among 74 countries and regions, a high positioning at 12th and 17th places, 
respectively. In comparing between masculinity and femininity, among 40 countries 
and regions, Arab countries and India, have similar scores (range between 45 and 56) 
within masculinity. Also, Arab countries and India have high scores for collectivism 
and uncertainty avoidance levels. Sadeghi et al. (2013) evidence that organisations 
have the ability to empower their employees easily with low levels of power distance, 
masculinity culture and uncertainty avoidance. Furthermore, many scholars like: 
Munir et al. (2019); Nasurdin et al. (2005); and Al-Hassan et al. (2000) supported the 
concept of employee empowerment within organisations that implement TPM 
programme. Ramayah et al. (2002) discussed that employee empowerment is one of 
the most important factors and it plays a significant role in successful implementation 
of TPM.  
Source: Hofstede et al. (2010) 
 
According to the Yates and Cutler (1996), extensive research and many scholars have 
been used Hofstede’s model of national culture for different purposes: to evaluate 
organisational cultures to line up organisation’s culture with their strategy, to help 
organisations move from their current culture to optimal culture, to appraise the 
management team whether they support the organisation’s strategy and use direct 
change, etc. Thus, Hofstede’s model aided numerous organisations to develop and 
improve their business across new countries due to his comparative and simple model. 
However, there are many authors in the literature critique Hofstede’s model and they 
reported that labelling issues with dimensions (Jones and Alony, 2007) and issues 
related to data collection from questionnaires within his research methodology 
(McSweeney (2002) and bilateral dimensions out of date (Mead and Andrews, 2009). 
McSweeney (2002) rejects the model of Hofstede due to its logical consistency. He 
Figure 2. 11 Country Comparison for Differences of Organisation Culture Values                      
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found national culture unlikely as a systematically primary element of behavior. 
Venaik and Brewer (2013) elaborated that items of Hofstede model that involve scores 
are unrelated and which form an unreliable and invalid scale for measuring the culture 
dimensions. Hence scores of these items cannot be utilised to describe individuals 
within countries.     
2.6.3 TPM Impact on the Maintenance Culture of Organisations 
According to Tsang and Chan (2000), with the people-oriented attribute of TPM, total 
employee involvement holds critical significance. TPM, therefore, leads to a transition 
in the maintenance function approach by an organisation, from the maintenance 
function being perceived as maintenance department responsibility to everyone’s 
responsibility. However, Lawrence (1999), argues that the majority of times, resistance 
is one challenge faced by such a change in an organisation. Correspondingly, 
according to Mckenna and Beech (2014) an organisation’s culture is defined as a 
collection of beliefs, values, behaviours, and attitudes shared commonly. In addition, 
Rahayu and Santy (2016) perceives organisational culture as surrounding society’s 
culture’s reflection, which means the surrounding influential factors of organisations. 
According to Cao et al. (2000) to achieve permanent and lasting organisational 
behaviour change, it has to be accompanied by concurrent change in social 
environment, individuals’ attitudes and behaviour and work tasks. In addition, 
Yamashina (2000), has suggested 5 level categorisation of any organisation regarding 
organisational culture change. The findings of Yamashina (2000) are congruent with 
“Maintenance Organisational Maturity Grid” as developed by Wireman (2004) and is 
utilised by companies for their maintenance attitude assessments. This further helps in 
identifying the status possess by organisations and also their current maintenance 
culture with the process to reach a higher maintenance level. With the help of TPM, 
organisations can achieve a higher level and probably the fifth level, which critically 
requires organisational cultural change. The researcher considers the elements of 
maturity grid to utilise them during the design of research semi-structured interview, 
which shall grant the researcher the proficiency to evaluate and analyse Abu Dhabi 
power companies’ maintenance attitudes. This in turn will lead to identification of Abu 
Dhabi maintenance culture level and characteristics. Furthermore, competent leaders 
and managers are necessary for cultural change management which can positively 
influence employee education and training (Yamashina, 2000). Moreover, the change 
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needs staff empowerment from their supervisors with consistent outcome follow ups; 
providing optimal freedom and support as regards resources and time. Prior literature 
shows that there is a wide consensus amongst scholars on the critical need of the senior 
management support in necessary cultural change. However, according to Lawrence 
(1999); it is still very difficult for organisations to introduce and effect cultural change. 
2.6.4 TPM Implementation within Japanese and Western Cultures 
According to Umble and Srikanth (1996); the industrial concept that has been 
implemented in one country cannot simply be copied and adopted by firms within 
other cultures; without failing to account for diverse cultural factors. It is essential the 
senior management should individually customise the TPM to the specific 
organisational structure. In addition, according to Hartmann (1992) Japanese approach 
to TPM is different from the Western approach, as it focuses on small group activities 
or teamwork for productive maintenance system. Alternatively, Western approach 
focuses on active participation of equipment operators towards overall effectiveness. 
However, Wilmott (1994a) states the incompatibility of the Japanese TPM model in a 
diverse culture country. Due to the diversity in both internal and external cultures of an 
organisation, every company tries to adopt their own individualistic method to beat the 
competition. Consequently, it is essential to customise TPM principles in accordance 
with each specific company requirements and identify local plant-specific sensitivity to 
regional issues and circumstances.   
2.7 Change Management  
In this literature review section, the research presents the definition of change 
management, process of change and how employees resist culture change. In addition, 
the researcher will discuss how structure of maintenance organisation and change in 
maintenance management system may lead to culture change in TPM implementation. 
2.7.1 Definition of Change 
The term, ‘Change’ refers to the process of transition from one stage to another and 
correspondingly, psychologists use the term, ‘Cycle of Loss’ to indicate the 
introduction of significant change in the lives of the people. Specifically, when an 
individual experiences a fundamental delay like bankruptcy, divorce, or loved one’s 
death, the term ‘cycle of loss’ is used to indicate as a counselling process. This term 
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equally applies optimally to a significant alteration in professional work life. 
Correspondingly, it has been observed that during any change initiation that an 
individual progresses through the phases of (1) denial, (2) anger, (3) negotiation, (4) 
depression and (5) full realisation; thus according to Campbell and Reyes-Picknell 
(2015), the final stage is the ultimate acceptance of the new reality. Consequently, a 
deeper knowledge and understanding of this transition or cycle of loss can significantly 
contribute towards the fruitful introduction of change management. However, many 
authors (Raeder and Bokova, 2019; Herscovitch and Meyer, 2002) in literature 
discussed that employees with normative and affective commitment to change are 
willing to support the change. In addition, normative commitment to change led 
employees to feel obliged to implement the change successfully through enthusiast, 
cooperation and championing. The reason behind this obligation is that employees 
believe on results of change and they want to have the change due to its inherent 
benefits and advantages across organisations. Moreover, the change management need 
is increasingly being felt across the globe with the consistently growing worldwide 
competition. 
It has been observed that there has been an establishment of changes in the 
organisational set-ups in areas including, acquisitions, mergers and divestitures, 
workplace industrial relations, downsizing and total quality management. 
Correspondingly, to ensure the best competitive leverage, best international practices 
are being adopted by global organisations. In addition, Raymond (2013), points out 
that those organisations failing to mould to the emerging new competitive environment 
shall be overtaken by the organisations using change management to their advantage.  
In addition, for surviving this global completion, it has become necessary for 
organisations to address continuous productivity improvement necessarily and this 
need is evidenced by cost pressures, intense competition, rapid change and demanding 
customers, which are continually pushing for improved performance. Likewise, an 
imbalance between the driving forces and restraining forces lead to change. Scholars 
(Senior and Swailes, 2016; McCalman et al., 2016), have described the driving forces 
and the restraining forces. Forces like customer satisfaction, technology awareness, 
worldwide competition, high service/ product demand for, resource availability, etc., 
constitute driving forces. Correspondingly, forces like culture effect, job design, lack 
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of confidence, unclear vision, limited sufficient resources, etc., constitute restraining 











Source: (Senior and Swailes, 2016; McCalman et al., 2016) 
 
Therefore, towards achieving a successful change, with reference to the above-
mentioned driving and restraining forces, the following basic strategies are 
recommended:  
 Driving forces increase; 
 Restraining forces decrease; 
 Combination - driving and restraining forces. 
2.7.2 Successful Organisational Change 
In change management, for change implementation, leadership style is fundamental as 
non-committal leadership will adversely affect the change management success. For 
example, the subordinates or the team will not be convinced to participate in change 
implementation if the leader himself seems uninterested. Moreover, contrarily, a 
dominating and excessively stringent leadership approach can result in an inflexible 
and resentful team. Thus, according to Brown (1998) and Senior and Swailes (2016) 
leadership entails achieving a fine balance between the parameters of direction, 
motivation and providing commitment. In addition, a planned, pre-informed, pre-
understood, security aligned, change finds more acceptances in individuals. Also, a 
change followed by effective and influential leadership, coupled with a change 
Figure 2. 12 Driving and Restraining Forces of Change                                                               
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proposed through previously established principles and not some singular edict; with 
people participation and benefits sharing features can be more popularly accepted. For 
a successful change implementation, it is essential senior management, with chief 
executive and board and all employees across the organisation equally participate. For 
a sustained change, it is essential that organisational structures like, policies and 
procedures, strategic plans, education and communication are upgraded and modified. 
According to Ramayah et al. (2002), effective plan of change management can lead to 
successful implementation of TPM programme. Correspondingly, in plant engineering 
and maintenance, the change is oriented towards enhancing facility or/and equipment 
productivity and thus can evidently involve a continual change in several areas. Many 
areas have been listed out by Campbell and Reyes-Picknell (2015) for change, which 
includes adoption of new and complex technology towards every work aspect; data 
management for costs, fixed assets, employees, performance, and activities; robotics 
and process automation towards requirement of highly trained technicians than 
operators 
2.7.3 Resistance to Change 
Change is typically accompanied with resistance, the unknown scares individuals, who 
are afraid of their inability to cope and dissipating status and skills. Also, change may 
be perceived by certain employees as implied criticism; or the change agent and the 
change need may be criticised. Also, employees who have not been active participants 
of the team bringing about the change may refuse to agree with the final outcome, 
which may also be the case when they feel that the change is externally motivated. In 
addition, a lack of clarity on vision and mission underpinning the resistance to change, 
the change movement is met with resistance from employees and managers, as the 
change becomes a threat to them.  
Usually, both employees and management show resistance to change, thus it is 
imperative that resistance is perceived as a proposed change revaluation opportunity to 
study the change barriers. Scholars have recommended certain steps to overcome 
change resistance (McCalman et al., 2016; Campbell and Reyes-Picknell, 2015; 
Raymond, 2013; Angeli et al., 1998). Thus, it can be inferred that change resistance 
should be evaluated and integrated with the change implementation strategy. The 
change impact as individually experienced by the people, their consequent feelings 
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reflect the resistance behaviour. In the specific context of this study, the inverse 
relationship of culture with new approach compounds the conflict of traditional 
monopolies and their bureaucratic structures. Ramayah et al. (2002) discussed that 
resistance to change serves as a barrier to implement TPM programme successfully. 
Raymond (2013) has discussed the common reasons for change resistance in 
individuals. On the other hand, Hansson et al. (2003) provided effective steps to 
overcome change resistance during TPM and RCM implementation. Appendix E 
involves main reasons for change resistance and solutions to overcome these daunting 
challenges.    
2.7.4 Structure of Maintenance Organisation 
The process of new systems or programmes introduction warrants an accurate 
understanding of its integration and functionality within the organisation. Such 
innovative system introduction can critically affect the organisational structure due to 
the earlier fallacies of poorly organised and inefficiently managed intra-departmental 
communication system. The departmental structure should be able to therefore ideally, 
support introduction of the new multi-trade team working concept through good intra-
departmental communication. Correspondingly, Sharp et al. (1997) conducted a 
research of implementing TQM into a maintenance task within a manufacturing firm to 
introduce a new engineering department structure and the superior efficacy of this 
structure is evidenced by the improved and reinforced inter- communication at 
different staff levels and teamwork opportunities. Although, a concurrent maintenance 
strategy update and revision, particularly in policies, mandate, structure, and key 
objectives is necessary to ensure consistent performance of maintenance function and 
enterprise business plan. Correspondingly, Campbell and Reyes-Picknell (2015) 
suggested a maintenance structure to meet the final objectives of maintenance 
function, which includes, effective equipment availability at reasonable cost. 
Therefore, to account for the contention between production managers and 
maintenance, Campbell and Reyes-Picknell (2015) suggested firstly establishing 
centralised facility maintenance, information database control, store inventory 
warehousing and control, fabrication and machine shops, specialised trades training 
and tooling. Secondly, they recommend, focused workshops factory maintenance, 
maintenance operator training, planning and scheduling, and maintenance engineering. 
Optimising Total Productive Maintenance (TPM) and Asset Management Strategies through Artificial Intelligence 
(AI) Technologies: the Development and Enhancement of Abu Dhabi Power Networks 
79 
   
Finally, they advocate cell maintenance for preventive maintenance, urgent 
maintenance, multi-skilled teams, and free issue parts and supplies.  
2.7.5 Culture Change in TPM                                                                                                        
A conducive and favourable environment improvement is essential for effective 
change in the TPM implementation preparation. Significant adjustments are required 
in the adoption of TPM, which leads to significant change in organisational structure 
transitioning to “this is what I can do to help” from “that’s not my job” (Prabowo et 
al., 2020; Munir et al., 2019; Jain et al., 2018; Poduval et al., 2015; Attri et al., 2014; 
Panneerselvam, 2012; Ahuja and Khamba, 2008a). Employee empowerment entailing 
complete workforce participation is necessitated in TPM implementation and 
correspondingly a shift of decision-making responsibility to the lowest hierarchy levels 
lead to successful TPM implementation. Moreover, it involves individuals developing 
a multi-functional skill set to work in teams with an enhanced team working focus to 
achieve the business goals collectively (Riccetti, 2013; Mad Lazim and Ramayah, 
2010; Nasurdin et al., 2005; Ramayah et al., 2002). Thus, this TPM implementation 
within the context of managing strategic change clearly implies change achievement in 
the organisational culture. The fundamental employee behaviours and functional 
operability are fundamentally influenced by the corporate culture, which critically 
affects the longevity of the organisation in the global competitive market. 
The change process involves a transition from traditional functional beliefs to a new 
culture is a long-term challenging process. Usually, the factors underpinning change 
initiation include, management decision, crisis or a challenging in process 
functionality. Many authors (Poduval et al., 2015; Riccetti, 2013; Ahuja and Khamba, 
2008b) in literature discussed that to achieve a successful change which is accepted by 
all employees, they should perceive its benefits to their daily functioning and thus, 
TPM cultural change management includes: 
 Business Mission which is clearly defined and shows shared ownership throughout 
the organisation, with a relevance to market; 
 
 Achieving a balance of planning, analysis, and control in the organisation with the 
informality of freedom to experiment, challenge, and question; 
 
 Clear senior management support, team organisation, flat interrelated departmental 
structures and excellent communication. 
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Culture change, as mentioned previously in the section, is a time-consuming process, 
which evidences the long- term evolvement of the TPM culture in any organisation. 
The ultimate objective of the TPM is to achieve an optimal structure of seamlessly 
integrated organisational culture, technology, and strategy. 
2.8 Structural Empowerment and TPM 
In the recent years, employee empowerment plays a significant role to keep any 
organisation survival and competitive. It has been well-known by different 
practitioners and scholars (Horwitz and Horwitz, 2017). It leads to form an initiative of 
staff involvement and encourage the employees to make decisions without referring to 
their supervisors, so that dynamic organisation is initiated at the lower level of the 
structure of organisational chart. Empowerment provides employees with the 
autonomy to participate in decisions making for their daily activities (Chinomona et 
al., 2017). Furthermore, many theoretical models have been developed to improve the 
conceptual areas of empowerment and its consequences (Aggarwal et al., 2018; Dan et 
al., 2018; Goedhart et al., 2017; Jaffery and Farooq, 2015; Laschinger et al., 2001). On 
the other hand, Kanter’s (1993) theory of structural empowerment delivers a powerful 
explanatory model that leads to investigate the backgrounds and consequences in 
workplace particularly in health sector settings (Horwitz and Horwitz, 2017). 
According to Kanter (1993), structures of social in the workplace impact employee 
behaviors and attitudes to a larger extent than personal characteristics themselves. 
Although personal attributes play a significant role in work behaviors of employees, 
Kanter considered that personality predispositions and socialization experiences can 
lead to have less influential on employee’s behaviours which can result in higher 
organisational productivity and optimal job performance.  
One of the important features of empowerment is the amount of power which is 
defined by Kanter (1993) as the ability to secure and provide resources to accomplish 
work. There are two types of power which are formal power and informal power. 
Formal power is resulting from situations that are related to main organisational goals, 
provide recognition, and allow discretion. Informal power is resulting from 
relationships with employees in the workplace. In addition, employees with both types 
of power can access to empowerment structures of organisation that allow them to 
Optimising Total Productive Maintenance (TPM) and Asset Management Strategies through Artificial Intelligence 
(AI) Technologies: the Development and Enhancement of Abu Dhabi Power Networks 
81 
   
accomplish their work successfully. Kanter (1993) described the empowerment 
structures associated with power and opportunity. The structure of power in workplace 
delivers access to three power lines (supply, information, and support). Line of supply 
or recourse refers to the ability to source pertinent materials, financial support and 
other necessary supplies need to execute a function. Line of information implies the 
necessary informal and formal knowledge that helps the one to remain efficacious in 
the workplace. Line of support entails obtaining guidance and feedback from peers, 
superiors and subordinates. The structure of opportunity access implies that there is 
possibility of growth within the company as well as the opportunity of growth through 
obtaining wider skills/knowledge. Furthermore, when employees in the workplace 
have access to lines of resources, support, information, and opportunities to grow and 
learn, then the power is “On”. On the other hand, when these lines are absent, then the 
power is “Off” and employees cannot perform the work successfully. These power 
lines are shaped structural empowerment in the workplace. Kanter (1993) argued that 
having structural changes in the workplace will enable employees to have access to 
structures of empowerment (e.g. access to senior managers, increased flexibility, and 
access to resources). She recognised that sharing of power between employees in the 
workplace is the best way to expand power within organisations.    
Kanter’s (1993) theory of structural empowerment has been applied by several 
scholars in health, education, and other different sectors to predict: organisational 
commitment (Aggarwal et al., 2018; Smith et al., 2010), trust (Laschinger et al., 2002), 
Job performance (Jaffery and Farooq, 2015; Wong and Laschinger, 2013), job 
satisfaction (Wong and Laschinger, 2013), job strain (Laschinger et al., 2013; 
Laschinger et al., 2001), leadership practices (Davies et al., 2011; Wong and 
Laschinger, 2013), work effectiveness (Laschinger et al., 2009), quality outcomes 
(Goedhart et al., 2017), autonomy (Laschinger and Finegan, 2005), innovative 
behavior and self-efficacy (Dan et al., 2018). In general results of these studies 
underpin the theory and suggest that access to structures of empowerment associated 
with opportunity and power in one’s position is significantly correlated to job 
performance, job satisfaction, organisational commitment, job autonomy, and 
involvement in decision making within organisational. 
Ben Daya (2000) argues that in TPM implementation, the active involvement of 
operators results in permanent improvement in the overall effectiveness of equipment. 
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Thus, employee empowerment and equipment management are two fundamental 
features of TPM. It is pertinent for mechanics and operators to cooperate and work in 
teams towards the same goals, since there is high significance placed upon the 
involvement of operators in successful TPM implementation. This can be 
pragmatically achieved through a systematic approach of learning by properly trained 
and certified operators and vice-versa skill training to enable operators to perform 
mechanical tasks.  
Conversely, TPM empowers employees by giving them mutual responsibilities and a 
sense of ownership and only companies that have been able to recognise this fact have 
managed to succeed in TPM adoption (Willmott, 1994b). For accelerating this success, 
teams should have the authority to determine their individual tasks without the 
interference of management. Hence, it ensures more active involvement in taking 
decisions and accepting responsibilities. However, at times, the meaning of the word 
‘employee empowerment’ is misinterpreted. The assumption that it signifies that all 
decisions must be taken by employees can result in complete chaos. This is why rules 
and policies play an integral part in preventing or eliminating the confusion. 
Furthermore, what is most difficult is ascertaining decisions that must be taken by 
management and the ones that must be taken by employees, alongside the ones that 
must be mutually considered.  
Similarly, this misinterpretation can also lead to the incorrect decision of not giving 
adequate responsibilities to workers (Ginder et al., 1995). Furthermore, many scholars 
like: Munir et al. (2019); Jain et al. (2018); Riccetti (2013); Mad Lazim and Ramayah 
(2010); Nasurdin et al. (2005); and Al-Hassan et al. (2000) supported the concept of 
employee empowerment within organisations that implement TPM programme. Munir 
et al. (2019) argued that there is no empowerment for operators to perform light 
maintenance activities due to lack of trust between supervisors and senior managers 
and there is no appropriate communication between them. Ramayah et al. (2002) 
discussed that employee empowerment is one of the most important factor and it plays 
a significant role in successful implementation of TPM. Nasurdin et al. (2005) 
discussed that philosophy of empowerment is comprised in TPM and it enhances 
operator’s sense of autonomy through enabling him to take decision regarding 
corrective maintenance to avoid any unplanned shutdown and breakdowns. Jain et al. 
(2018) elaborated that empowering operators to participate within maintenance 
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activities will lead to implement action of autonomous maintenance programme 
effectively. 
2.9 Artificial Intelligence in Maintenance and Assets 
Management 
The researcher in this particular section discusses the definitions of artificial 
intelligence (AI) and its approaches; explains the impact of AI systems on fault 
diagnosis and prognosis for power plants in power industry; and provides challenges of 
AI implementation. The underlying aim in the discussion is to identify the impact of 
AI and its characteristics, and subsequently aid in further research of identifying 
critical success factors to successful implementation of TPM.  
2.9.1 Artificial Intelligence (AI) 
Nowadays, intelligent or smart machines will gradually replace and optimise 
capabilities of human in different areas. In this regard, Artificial Intelligence, or AI, 
refers to the intelligence shown by software or machines to perform specific tasks. 
While this term has been debated and examined for several decades, there is still no 
commonly recognised definition as standard (Wirtz et al., 2018). This means there is 
lack of gaining a better understanding of whole AI concept (Legg and Hutter, 2006). 
To outline the real meaning of AI, it seems valuable to first understand the definition 
of “intelligence” before implementing the concept of intelligence on machines. The 
researcher outlined different AI definitions from relevant articles in Table 2.6 to build 
a clear and comprehensive understanding of AI. In conjunction with machine learning, 
AI has now become a disrupter of computing technology supported by robust data 
analytics. In this domain of AI, studies have completely accelerated the development 
of intelligent technologies which have a significant impact on the people’s daily lives. 
Fields of engineering, science, medicine, and business have undoubtedly become 
smarter owing to the capabilities of prediction to simplify daily lives and enhance the 
productivity.   
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Furthermore, machine learning (ML) as a technology is also constantly evolving, 
having emerged as an advance computing technology concerning the logical patterns 
of algorithm, and complicated data structure designs. In particular, ML algorithms 
have demonstrated their efficacy in identifying variables in the context of data 
management (Witten et al., 2016). In addition, it is now possible to evaluate a much 
bigger and more complex model that can deliver faster and more accurate findings at a 
large level. Moreover, ML entails several applications (for example, modeling, 
recognition of patterns, face recognition/detection as well as classification). Further, 
several domains that have employed AI have witnessed an increase in both efficiency 
and quality (Nayak and Dutta, 2017).  
Knowledge based system (KBS) is one of the approaches used in the context of AI. 
KBS is computer-driven information system representing the knowledge demonstrated 
by experts and manipulation of expertise, KBS can also solve extremely complicated 
problems. There are four key components of KBS: inference engine, knowledge base, 
explanation subsystem, as well as user interface. KBS has been extensively adopted to 
resolve problems relating to decision making in a number of areas (Jadhav and Sonar, 
2011). Nadakatti et al. (2008) argued that KBS characterises a new methodology and 
programming approach that has developed for effective management of plant 
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maintenance. Trouble shooting and fault diagnosis are the most predominant 
application of KBSs in industrial machinery maintenance. In addition, the approach of 
AI is known to guide human operators in fast failure detection that are often 
overlooked by or beyond the reach of human abilities. Several activities of 
maintenance management, in specific testing, failure-detection, diagnosis, and 
overhaul, are intensive of knowledge and tasks based on experience. In maintenance 
management, KBSs can find the failure and provide the expert advice to the end-user 
to overhaul the defective machine. The following points explain the rationale for 
making use of KBSs in the context of maintenance management: 
 Growing demands concerning high availability of today’s complicated technology 
of machinery, which are sophisticated and very expensive; 
 
 It is possible for a company to lose its expertise due to death, retirement and 
change of workplaces. However, KBS are built and established the expert’s 
knowledge that gets loaded and inserted into the system; 
 
 This captured knowledge is available at all times and not affected by utilised 
disuse, while, lack of practice of maintenance staff can deteriorate; 
 
 Maintenance based on AI will generate consistent and reliable results than 
maintenance staff who are expertise. A KSBs are not exposed to crisis, 
forgetfulness, and fatigue; 
 
 The KBS is also more affordable as compared to the expenses entailed by human 
experts who are very rare (Nadakatti et al., 2008). 
 
On the other hand, techniques based on AI for condition monitoring (CM) will aid 
organisations to predict critical failures and suggest the optimum maintenance strategy. 
The growing interest within the usage of these techniques relating to the effective 
usage of maintenance management commenced rather recently, which led to the 
development of new software, particularly in the context of this field. Development of 
a complete system for condition monitoring on the basis of particular factors (Such as 
lubricant oil contaminants, noise levels, temperature rise, imbalance, vibration effects 
and other different factors) which will generate a large database relating to the 
assessment of industrial machinery for general purpose. AI tools such as expert 
systems or KBSs can be used to develop such a system.  
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2.9.2 Artificial Intelligence Systems for Maintenance Management in 
Power Industry 
Nadakatti et al. (2008) clarified that KBSs/expert system will enable expert to transfer 
knowledge to a computer application. In the context of maintenance, there are three 
primary attributes of KBS: 
1) Representation of knowledge. The language or syntax utilised to access and 
represent data and knowledge covered in the system; 
 
2) Inference engine that serves as mechanism of problem-solving. This processes the 
policies and rules to deliver a logical and reasonable conclusion; 
 
3) Support environment. This enables the user to interact friendly and effectively with 
component of problem-solving. 
 
Every single component includes programmes with AI techniques and sophisticated 
algorithms. (Figure 2.13). In addition, AI is utilised to optimise and enhance 
maintenance, operations of industrial plants through asset management. This will 
provide better tools of decision-making for maintenance engineers and operators (Sen 
et al., 2018). AI is used to diagnosis fault of rotating machine (Liu et al., 2018). There 
is a growing amount of interest has been recognised in CM techniques relating to 
electrical equipment, particularly containing induction motor, generator and 
transformer within power plants. For the reason that CM has the positive impact in 
enhancing the reliability of operation, reducing operating costs and improving 
customers service through optimising the availability of power supply. Han and Song 
(2003) clarified that techniques of AI have capability to apply CM more successfully 
and efficiently on power plants. It is anticipated to create CM system more intelligent 
and more reliable. Moreover, AI approach based on pattern recognition is used for 
diagnosing the pattern of faults inside power transformers through utilising dissolved 
gas analysis (DGA) data (dos Santos et al., 2018; Roncero-Clemente and Roanes-
Lozano, 2018; Mortada et al., 2014; Lv et al., 2005). Žarković and Stojković (2017) 
argued that the AI has important role on fault diagnosis and detection for transformers 
through helping engineers/operators to make right decision about any interference 
urgency and selecting optimum maintenance strategy for power transformer. 
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Source: Nadakatti et al. (2008) 
2.9.3 Artificial Intelligence for Prognostics 
Integrated Systems Health Management (ISHM) system involves several significant 
parts failure prognostics, fault diagnostics and detection. Whereas prognostics 
compared with fault diagnostics and detection has not received the same level of focus 
in the AI community. The reason behind this lack of focus is in part because failure 
prognostics has newly been well-known as a sophisticated technology. ISHM can 
deliver two main advantages: optimise maintenance costs and increase safety level 
through fault detection and diagnostics. ISHM system receives sensor values as inputs 
and performs effective fault detection (ascertaining that there is something wrong), 
fault isolation (recognising the fault’s location), fault identification (identifying the 
failure mode), fault prognostics (anticipating failure time and when a fault will happen 
based on historical data). Thus, prognostics techniques aims to detect signs of critical 
failures and predict remaining useful life of industrial assets. According to 
Schwabacher and Goebel (2007), prognostics is the most complex task compared with 
other tasks. Prognostic is a predictive method that defines an asset’s remaining useful 
life (RUL). It also estimates the time to failure and failure modes in the future. Failure 
prognosis includes predicting asset degradation based on condition monitoring 
techniques (Sikorska et al., 2011). Figure 2.14 shows the fundamentals of prognostic 
techniques for degradation failure. A simple prognostics form, recognised as a model 
of life usage, is extensively in use. It collects statistical data such as failure time, 
MTBF, MTTR, etc. To predict the remaining life for individual components of 
equipment. These predictions are based only on measurements of time and/or usage of 
the component or system.  
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Source: (Sikorska et al., 2011) 
 
RUL has four main models that can be seen in Figure 2.15; each model has a sub-
model. Knowledge-based models assess the comparison between an observed 
condition and a database (failure event) of previous events to assume the life 
expectancy. It has two systems: expert and fuzzy systems. Life expectancy models 
define the life of single equipment components as well as determining expected risks 
from equipment deterioration. There are two models: stochastic models (Aggregate 
reliability functions and Conditional probability methods) and statistical models 
(Trend extrapolation, Auto-regressive moving average, and Proportional hazards 
modelling). Artificial neural network models calculate estimates for the remaining life 
of machines based on a mathematical representations from observation data. It has two 
models: direct RUL prediction, and estimation of parametrics for other models. 
Physical models calculate the estimation output for the remaining life of machines 
based on a mathematical representation of degradation processes (Sikorska et al., 
2011). 
Source: (Sikorska et al., 2011) 
Figure 2. 14 Prognostic Process 
Figure 2. 15 Main Model Categories for Prediction of Remaining Useful Life                                 
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Artificial neural networks is one of the most common machine-learning methods that 
utilised in prognostics analysis (Schwabacher and Goebel, 2007; Goebel et al., 2007). 
Fuzzy logic is another popular AI method that is utilised for prognostics (Amin et al., 
2005; Volponi, 2005). Schwabacher and Goebel (2007) summarised that prognostics is 
extremely difficult, which is why this area requires concerted efforts in research and 
development. Thus, AI methods and tools can provide a significant part of the solution, 
along with more conventional approaches. On the other hand, many scholars have 
developed prototype systems estimating the extent of degradation level on a numerical 
measure, without forecasting the remaining useful life as a final step (Brown et al., 
2006). In general, failures can be divided into two groups: degradation failures and 
sudden failures. Degradation failures can be predicted by a single condition monitoring 
indicator or by several indicators. Furthermore, the degradation process effects and 
reduces the reliability of assets. Sudden failure cannot be predicted through condition 
monitoring techniques or the measurement of asset age. Figure 2.16 shows how assets 
reach the degradation level (failure threshold) and hence fail. Degradation has two 
types: natural degradation and forced degradation. Natural degradation occurs due to 
age, or is time-dependent. Forced degradation occurs due to external causes to the 
system (e.g. due to high demand of power, the load of power transformers increases 
significantly and reaches the failure threshold level and hence the transformer can no 







Source: (Gorjian et al., 2009) 
Assessment of reliability through utilising degradation data has become as an 
important method to appraise the safety and reliability of critical systems. In addition, 
degradation data can deliver more than failure time information during the reliability 
Figure 2. 16 Degradation Process  
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analysis and forecasting the remaining life of machines (Gorjian et al., 2009). Further, 
there has been extensive research into the degradation processes and several models of 
degradation have been proposed and performed (Baptista et al., 2017; Gorjian et al., 
2009). However, Zio (2016) claimed that a comprehensive framework is required to be 
developed for degradation models that can enable predictive maintenance, early failure 
detection and prioritise maintenance activities based on risk assessment. Degradation 
models characterise principal prognostics. In the literature, there are numerous 
academic researchers who discuss different categorisations for prognostic techniques 
(Zio, 2016; Sikorska et al., 2011; Gorjian et al., 2009). These techniques can be 
categorised into four primary groups: data-driven techniques, knowledge-based 
techniques, model-based techniques and experienced-based techniques (Gorjian et al., 
2009). This research does not attempt to analyse and review these techniques in depth 
as they are not the primary focus of this study.  
In some industries (e.g. in power plants), when there is catastrophic failure, it would be 
more important to forecast the critical failure of power plants before occurring and 
determine the next inspection time, or PM activities. Models of degradation are one of 
the appropriate methods to use with this kind of forecast (Gorjian et al., 2009). 
However, Zio (2016) explained that fleet-level of new complex systems that including 
a huge number of several components can be a challenge for degradation models. In 
fact, the current proposed methods primarily consider system or component-level 
prognostics. In such situations for models of degradation, it can be anticipated that 
predictions, diagnostics and detections with varied uncertainty degrees need to be 
combined for optimum maintenance strategy and decisions under different constraints, 
containing availability and resources.  
Another challenge is existing in the literature that there are no specific standards are 
recognised to aid and support the asset manager selecting the optimal method for RUL 
estimation, for minimising maintenance costs, maximising availability and minimising 
unscheduled shutdowns. In addition, asset managers can take decisions whether to 
apply the prognostic management method or not, based on the return on investment 
(ROI) analysis. However, ROI is used for particular applications without considering 
the performance impact of a selected method on the economic benefit. This means 
there is a gap existing in the literature regarding a holistic frameworks to evaluate the 
ROI for selecting a method of prognostic management (Zio, 2016). Schwabacher and 
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Goebel (2007) concluded that verification and validation (V&V) are one of the main 
challenges for ISHM and AI based on prognostic. The AI-based prognostic is very 
difficult to validate and verify before deployment due to complexity of AI systems 
(Schwabacher and Goebel, 2007; Muscettola et al., 1998). 
2.9.4 Challenges of Artificial Intelligence  
Addressing AI challenges are the most significant step to implement successful 
maintenance optimisation models based on AI within power industry. Wirtz et al. 
(2018), developed model of AI challenges based on four main dimensions, comprising 
AI technology implementation, AI society, AI ethics and AI law and regulation. 
Challenges associated with AI technology implementation involve: data quality, AI 
expertise, AI safety and financial feasibility. Furthermore, untrusted data or low 
quality data represent a main challenge for organisations (EY, 2018). Mehr (2017) 
discussed that the collection and storage of accurate data is essential for success AI 
implementation within power plants, as poor or inaccurate data may lead to failures. 
Moreover, the demand for AI experts is high and there are a limited number of 
specialists in this field. Thus, the cost of salaries and education of those experts is very 
costly (Wirtz et al., 2018). EY (2018) elaborated that there is a lack of AI expertise and 
specialists hindering implementation of AI. In this regard, government needs to focus 
more on developing workforce to establish and build a robust and sustainable 
capability that can drive successful AI implementation (Holdren and Smith, 2016). 
Based on the aforementioned discussions, Figure 2.17 shows an AI challenges model 
based on four main dimensions in the public sector. The model can be utilised as a 
reference point to overcome difficulties when implementing AI applications within the 
public sector (Wirtz et al., 2018). 
Alsheryani et al. (2019) conducted a study on applying artificial intelligence (AI) for 
predictive maintenance of Abu Dhabi power plants. The findings of their initial stage 
present that there are numerous challenges that could hindering the implementation 
and integration of AI with predictive maintenance,  such  as recording, collecting and 
processing data offline and manually, data availability and accuracy, interaction issues 
and applying applications of condition monitoring (online). Thus, current practices of 
Abu Dhabi power industry need to be changed, rather than waiting for power plant to 
fail, replacing or repairing parts on a restricted maintenance schedule, utilising 
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intelligent systems/software to predict failure of critical assets before occurring will 
increase the maintenance effectiveness and optimise the operations cost through set the 
optimum time to conduct the maintenance activities. In addition, Rayees and Al 
Rashide (2015) elaborated that expertise with appropriate training programme across 
intelligent and digital solutions will reduce operating costs and improve network 













                               
 
Source: (Wirtz et al., 2018) 
2.10 Maintenance under Industry 4.0 Context  
Industry 4.0 is a modern term being addressed as the industrial revolution's fourth 
generation. It includes a wide range of processes, technologies and systems mostly 
associated with industry digitalisation. This fourth industrial revolution utilises 
automation and computers and enhance it with autonomous and intelligent systems 
fuelled by machine learning and data, see Figure 2.18. In terms of AI technologies and 
data processing applications, the main areas of this fourth industrial revolution are 
internet of things, decentralised services, cloud solutions, stream processing 
Figure 2. 17 Four-AI-Challenges Model                                              
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technologies and big data for processing big volumes of real-time data within daily 
operations activities. Furthermore, intelligent machines under industry 4.0 focus on 
performance of industrial machinery and applications like forecasting failures and 
detecting any potential risks, and the need for performing predictive maintenance 
(Sahal et al., 2020). Many authors in literature such as: Ruiz-Sarmiento et al. (2020); 
Sahal et al. (2020); Anh et al. (2018); Li et al. (2017); Yan et al. (2017) explain the 
impact of industry 4.0 on predicting the critical failures before occurring. In addition, 
industry 4.0 enables machines to be operated and controlled autonomously through 
utilising AI elements. The aim of industry 4.0 is not to replace workforce by robots 
however, to provide a better workplace environment where staff are always the most 
significant asset. Conversely, Willmott et al. (2019) reported that integrating industry 
4.0 applications within planned and autonomous maintenance pillars will lead to 
successful TPM implementation. Thus, power industry could have smart grid stations 
through implementing approaches of intelligent data processing, future-oriented 
techniques, communication systems and more.  
Ruiz-Sarmiento et al. (2020) discussed predictive maintenance of industrial machines 
under industry 4.0 context. They forecast the RUL of such machine through estimating 
the gradual degradation, allowing the operators to take right and informed decisions 
related to maintenance activities. Conversely, fault prognosis and diagnosis of 
industrial machinery have been developed and researched rapidly in the last few 
decades. However, predicting failures is a big challenge due to the high machine’s 
complexity and the need for data accuracy. Thus, Li et al. (2017) introduce predictive 
maintenance through developing comprehensive framework that includes concepts of 
industry 4.0 to overcome the aforementioned challenges related to predicting critical 
failures. The developed framework comprises 5 main modules: maintenance 
implementation module, decision support module, data mining module, data 
preprocessing module, data acquisition module and sensor selection. Case study is 
used by Li et al. (2017) to implement their framework that includes industry 4.0 
scenario. The developed framework shows the positive impact of data mining 
application for fault prognosis and diagnosis within industrial machinery. On the other 
hand, data accuracy and quality optimise decision making process by delivering better 
analysis resulting from reliable and consistent data. Yan et al. (2017) elaborated that 
industrial big data have different characteristics (value, veracity, variety, velocity and 
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volume) that could affect the data analysis stage through utilising signal processing 
methods. Sahal et al. (2020) argued that collection and analysis of big data with a 
sensible time frame will result in providing the most optimal and accurate prediction of 
critical failure. They identified the need for processing large amount of data through 
different phases like data storage, querying, analytics and collection. Integrating TPM 
with industry 4.0 technologies (for example internet of things and big data processing) 
will result in optimum: asset utilisation, workplace safety, quality control and monitor 
with control industrial machines.   











Figure 2. 18 Maintenance under Industry 4.0 Technologies  
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2.11 Chapter Summary 
This chapter has shown that maintenance contributes strongly as a strategy in 
organisations, through keeping conditions of a company’s facilities and equipment 
well maintained to provide optimal quality level of services and products. The 
maintenance strategy of an organisation depends heavily on the manner in which 
programmes are scheduled. When maintenance activities are controlled as a strategic 
function, and wisely scheduled, the status of an organisation’s equipment and 
operations progressively affects output, performance, cost, health and safety, quality, 
employee morale, and delivery. In this chapter, the researcher has delivered an 
overview about maintenance types, TPM, both with its history and definition. 
Implementation of TPM from both the Western and Eastern perspective has been 
discussed. In addition, organisation’s maintenance culture and change management 
initiatives increasingly affects successful implementation of TPM programme. The 
researcher has noted that employee empowerment plays a significant role in 
participation of autonomous maintenance (operators). In addition, the researcher 
considered how AI could deliver positive impact on maintenance practices. It has been 
shown that AI can boost the failure prediction through degradation model in reliability 
analysis.  
To conclude, the researcher indicated how TPM could deliver particular tools that can 
be utilised to enhance equipment quality and performance, improve maintenance 
activities, and change the habits and routines of employees who are responsible for 
installing, designing, maintaining, and operating the equipment. The benefits of TPM 
programme should be irresistible to senior management. However, many organisations 
do not perform TPM or even consider it within their maintenance strategies. This could 
be the result of many factors and obstacles that will be discussed in detail in the next 
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3.1 Introduction  
This chapter will focus on critical factors from both the human factors oriented and 
organisational culture perspective. This research is exploratory in nature and aims to 
investigate the critical factors that affect successful implementation of TPM 
programme in the Abu Dhabi power industry environment. The review’s main purpose 
is to identify the factors that may affect TPM implementation in the Abu Dhabi’s 
power industry. This review will enable the researcher to classify suitable research 
design and develop questions for the questionnaire and interview. Furthermore, the 
combination of the findings from the literature review and those related to the field 
study will enable the researcher to classify the factors that affect TPM implementation 
within Abu Dhabi’s power plants and hence develop a novel conceptual framework. 
The review of literature in this chapter is divided into the following three main 
sections:  
 Section one: factors affecting successful implementation of TPM; discusses 
barriers related to organisation cultural, human factors, technological, operational, 
financial, and departmental barriers; 
 Section two: identifying knowledge gaps; provides critical analysis that includes 
the three critical aspects related to the TPM implementation context. Based on 
these critical aspects and maintenance optimisation models (such as structural 
empowerment, prognostics techniques and RCM cost optimisation model), the 
researcher identify gaps in the knowledge; 
 Section three: discusses the development of the conceptual framework, the 
research related to TPM aspect, which includes: a summarisation of common 
obstacles affecting TPM practices, summarisation of critical success factors (CSFs) 
improving TPM application, and the suggested steps to implementing change 
processes into an organisation. This section represents the conceptual framework 
of successful TPM implementation.  
3.2 Factors Affecting Successful Implementation of TPM 
TPM is considered to be one of the most advanced and pioneering maintenance tactics 
that has the potential to enhance the efficacy of production facilities. However, it 
requisites momentous modifications in work culture and demands significant work 
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restructuring (Attri et al., 2014). Despite the fact that TPM is present in most of 
industrial organisations, its implementation complexity may fluctuate substantially 
between each industry and company. This is the reason why it is believed that there is 
no specific hard and fast technique for TPM implementation. Nonetheless, there are 
certain factors that may affect implementation procedures. For example, a completely 
automated organisation, also called a continuous flow manufacturing facility, may 
benefit more from TPM implementation as compared to a facility that engages in 
simple hand-work or manual operations (Ahuja, 2011). In addition, services provided, 
industry type, the condition of equipment and production method also significantly 
vary from one firm to another. Consequently, all these factors must be carefully 
considered for effective TPM implementation. Moreover, other critical factors that 
must be taken into account include equipment age and complexity, employee age and 
skills, prevailing maintenance programme and organisation culture (Wireman, 2004). 
Similarly, Salleh (2005) also stated that plant configuration, organisation culture and 
regional history must also be considered for implementing TPM. Therefore, companies 
that plans to enhance the equipment efficacy through TPM implementation must 
ascertain its own course of action in accordance with their specific requirements and 
demands (Nakajima, 1988). 
TPM programme have a very interesting feature – the plausibility of partial 
implementation. Basically, it is not essential to implement the entire programme 
together as it offers the flexibility to mould it in accordance with organisation culture 
and pick the elements on the basis of what organisation environment demands. 
Likewise, it is indicated by Wireman (2004) that challenges in TPM implementation 
are not because of technical difficulties in acquiring results, but due to the fact that 
participants often resist to it because of the apprehension of organisational culture 
change. Evidently, TPM programme require modification to organisation culture as 
regards its approach towards responsibility and its execution. Additionally, participants 
must showcase the required attitude of commitment and ownership. Tsang and Chan 
(2000) have asserted that companies, which are prepared to alter their existing culture 
will be able to implement TPM more effectively. Hence, it is vital that managers focus 
more on motivating and involving participants throughout facilitate willingness to 
change. Therefore, as it is expected that programme will initially encounter opposition 
from employees, and more so from the lesser educated, it is imperative that an 
Optimising Total Productive Maintenance (TPM) and Asset Management Strategies through Artificial Intelligence 
(AI) Technologies: the Development and Enhancement of Abu Dhabi Power Networks 
99 
   
environment of co-operation and confidence must be inculcated. Moreover, it is 
suggested that effective communication channel must be encouraged. Undoubtedly, 
efforts taken by company senior management may motivate employees and enhance 
the reliability of coordinators. This is the reason why it is believed that the failure or 
success of TPM is usually the responsibility of organisation senior management 
(Rodrigues and Hatakeyama, 2006). Concurrently, employees are able to believe in it 
as they see that senior management is committed to implementing the programme. 
However, TPM implementation encounters numerous challenges, both in private and 
public sectors. This is because of numerous factors like administrative and top-down 
bureaucracy (Seth and Tripathi, 2006). Contrarily, Nakajima indicates that accepting 
TPM would be easier if companies are already planning to implement productive 
maintenance. This is because autonomous maintenance could be supplemented by 
small group activities. However, in the absence of existing preventive, predictive and 
productive maintenance strategies, an abrupt switch to TPM would be challenging, 
though not impossible (Nakajima, 1988). Additionally, Wang and Lee (2001) state that 
companies attempting to enhance their quality should also focus on improving the 
efficiency of the equipment and developing their maintenance structure. On the other 
hand, it is perceived that it is vital to logistically support TPM with appropriate and 
effective information and resources. Correspondingly, the efficiency of maintenance in 
TPM primarily relies on the accessibility of appropriate information. In fact, it is 
considered to be as critical as proper engineering and technical abilities. Additionally, 
according to Wang and Lee (2001), all TPM experts believe that after adopting TPM, 
it takes a period of 3 to 5 years to implement it successfully and witness visible 
outcomes.  
3.2.1 Obstacles Affecting TPM Implementation  
It is challenging for companies situated in developing countries to adopt TPM. This is 
because of their conventional culture, which is adverse to change (Munir et al., 2019; 
Tsang and Chan, 2000). Though, in the past few years, numerous organisations have 
tried to introduce TPM programme, only less than 10% have experienced successful 
implementation (Braglia et al., 2019; Mora, 2002). Even, Hartmann (2000) has 
indicated that nearly one out of every two TPM implementation attempts fail. 
Basically, it is critical that the barriers to implementation are carefully studied and 
hence their assessment and evaluation are imperative. For this purpose, Attri et al. 
Optimising Total Productive Maintenance (TPM) and Asset Management Strategies through Artificial Intelligence 
(AI) Technologies: the Development and Enhancement of Abu Dhabi Power Networks 
100 
   
(2014) have indicated various impediments in the implementation of TPM and have 
segregated them into following categories: 
(1) Behavioural Barriers (B1) 
Behavioural barriers are obstacles that relate to the attitude of individuals employed in 
organisations. Evidently, the attitude of the employees is an important factor affecting 
TPM implementation. Therefore, it is imperative that both senior management and 
workers show participation, support and commitment to ensure effective 
implementation (Paramasivam, 2011). In fact, Tsang and Chan (2000) and Attri et al. 
(2013b) have also emphasised on the significance of senior management’s effective 
leadership and commitment to ensure fruitful implementation of TPM. In addition, a 
lot of research have designated the absence of this senior management’s support and 
comprehension as the primary obstacle to achieve this (Adam et al., 1997; Chan et al., 
2005; Rodrigues and Hatakeyama, 2006; Attri et al., 2013a). Furthermore, fear of 
losing specialisation and job insecurity because of technological advancements can 
also lead to TPM failure (Ahuja and Khamba, 2008a). Moreover, Panneerselvam 
(2012) has stated that an organisation’s inadequacy in eradicating the resistance to 
change is a persuasive factor affecting collapse of TPM programme. This resistance 
can reflect in various forms such as: unwillingness of an individual to modify roles 
(Lee Cooke, 2000), incompetence in modifying the culture and role of the organisation 
(Lawrence, 1999), and failure to incite discontent with prevailing circumstances 
(Maggard and Rhyne, 1992; Ireland and Dale, 2001). Moreover, Ahuja and Khamba 
(2008a, 2008b) have identified that insufficient coordination and minimal synergy 
amidst production and maintenance departments are some of the significant hurdles 
encountered by manufacturing organisations in India while attempting successful 
implementation. 
(2) Human and Cultural Barriers (B2) 
Human and cultural barriers relates to existing organisational culture that radically 
alters working behaviour of individuals employed in organisations. These hindrances 
are connected with conduct, values and individual perceptions that nurture the work 
culture. To facilitate effective implementation, management must consider and care for 
the work climate and employees. Human resource reluctance to adopt TPM 
programme is one of the primary obstacles in the industrial sector, and can be 
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countered by motivating and empowering employees (Ahuja and Khamba, 2008a, 
2008b). Furthermore, Bamber et al. (1999) have also stated that insufficient motivation 
is a significant hurdle affecting TPM implementation. Similarly, absence of 
coordination between staff also plays a critical role in successful TPM adoption. 
Lawrence (1999) indicated that one of the most significant challenges encountered by 
organisations is to implement the necessary work culture transformation for facilitating 
comprehensive employee participation in all TPM initiatives. Research further states 
that culture resistance is a major problem confronting organisations aiming for 
effective TPM execution (Attri et al., 2013a). 
(3) Strategic Barriers (B3) 
Strategic barriers are linked to TPM implementation’s tactical decisions. Evidently, 
proper planning is imperative for fruitful adoption of TPM programme. This is because 
it provides the necessary framework that facilitates active decision-making for 
continuous performance assessment and predicts the potential risks for implementing 
counter strategies for resolving them (Attri et al., 2014). Moreover, long-term planning 
is also essential for successful adoption; in fact, failure to permit adequate evolution 
time is another factor contributing to the TPM failure (Chan et al., 2005). Additionally, 
some researchers believe that time needed to transform from reactive to proactive 
programme is at least three to five years. In addition, unclear objectives and policies as 
regards to TPM implementation further lead to unsuccessful adoption. This is the 
reason why Davis (1997) indicates that poor and inadequate structure backing TPM 
initiatives is what causes its implementation failure in manufacturing facilities in the 
UK. 
(4) Operational Barriers (B4) 
Barriers related to the maintenance procedures are called operational barriers. These 
hindrances occur due to the need for standard operating procedures, the absence of 
proper schedules for preventive maintenance, poor shop floor environment, and 
insufficient use of techniques and methods like 5S, TQM and inadequate TPM 
progress follow-up. Ahuja and Khamba (2008a, 2008b) have also stated that major 
obstacles to TPM implementation faced by manufacturing sector are absence of a 
standard operating procedures for implementation, lack of encouraging workplace 
environments, and absence of 5S concept in the workplace.  
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(5) Technical Barriers (B5) 
Obstacles that are caused due to the insufficient knowledge concerning principles and 
concepts of TPM are called technical barriers. Numerous research studies have 
indicated that inadequate education and training is one of the major blocks in TPM 
implementation (Adam et al., 1997; Bamber et al., 1999; Chan et al., 2005; Rodrigues 
and Hatakeyama, 2006; Ahuja and Khamba, 2008b; Attri et al. 2013a). Moreover, 
Baglee and Knowles (2010) and Attri et al. (2013a) have indicated that lack of 
knowledge and awareness of TPM benefits also negatively impacts on adoption. This 
leads to multiple issues and misperception on what constitutes TPM, ignorance 
regarding the significance of knowledge, unclear and changeable hopes, and forsaking 
basics. Likewise, Ahuja and Khamba (2008a) have stated that lack of computerised 
maintenance management systems is another prominent technological hindrance that 
affects fruitful adoption of TPM in manufacturing organisations. Furthermore, want for 
technological knowledge and uneducated staff also negatively affects attempts to 
implement TPM. According to Attri et al. (2014), the classification of the significant 












Source: Attri et al. (2014) 
Principally, successful TPM adoption is an art that requires investment in resources, 
manpower, money, commitment and time of each and every stakeholder. The entire 
Figure 3. 1 Critical Barriers Affecting TPM Implementation                                                                
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organisation should be supportive to transform its outlook and adjust to new 
techniques and work culture essential for successful TPM implementation. Numerous 
organisations only superficially adopt TPM, and as a result, they do not witness the 
maximum potential of productivity increases (Sekine and Arai 1998). Multiple times, 
organisations have encountered failure in implementing TPM. This is essentially 
because of three reasons: (1) Non-serious attitude, (2) Failure to comprehend the 
requirements, and (3) Inability to grasp the situation’s enormity. Poduval et al. (2015) 
segregated barriers to TPM adoption under five categories: management, culture, 
costs, skill and knowledge and modifications and maintenance. These five categories 
are discussed; 
(1) Management  
It is sub-divided into five areas as the following: 
1- Absence of Commitment from Senior Management: TPM can only be successful 
when there is complete commitment and involvement from senior management. This is 
because they must push TPM (Poduval et al., 2013). They need to present a serious 
commitment for its adoption and must aim to formulate strategies for inter-
communication amidst multi-level employees to demonstrate the benefits of TPM 
implementation by linking its adoption to the company’s overall aims and objectives 
(Panneerselvam, 2012). It is essentially the duty of top level management to ensure 
that even the junior-most level of employees are informed about the benefits of TPM 
implementation.  
2- Reluctance to Allocate Resources: The majority of organisations consider TPM 
implementation to be a wasteful expenditure in terms of financial resources and time 
(Poduval et al., 2015). Unfortunately, these organisations did not recognise the main 
aim of TPM implementation is to achieve zero defects, zero breakdown and zero 
accidents, and hence optimise maintenance costs and resources. This is because at 
times, senior managers are not sufficiently foresighted to grasp the long-term benefits 
of TPM adoption. TPM implementation requires sufficient investment of manpower, 
time, finance and resources, and hence, unwillingness to make this investment can 
prove to be a stumbling block in the TPM adoption (Munir et al., 2019; Jain et al., 
2018; Poduval et al., 2015). 
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3- Long-Period Commitment of Human Resources: It is evident that out of all the 
assets an organisation possesses, human resource is one of the most important. This is 
because they are the ones responsible for the growth of the company. Hence, one of 
the foremost factors for successful TPM adoption is continued employee involvement. 
The people at senior management must be capable of minimising attrition by offering 
compensation and benefits that are comparable to global standards. Moreover, the 
organisation should be able to offer work atmosphere that facilitates development and 
growth and also offers sufficient motivation to employees (Poduval et al., 2015). 
4- Not Conducting a Pilot Project: It is essential that pilot projects are conducted 
before the implementation of TPM programme. This will ensure that the varied 
concerns and complications that may result from the implementation are identified. 
The team conducting pilots need to use a specific or model machine (Chan et al., 
2005), and finish all the activities of TPM on it for accessing the performance 
improvement (Leflar, 2001). Moreover, this machine must be chosen on the basis of 
production requirements, and an ideal candidate would be a spare machine that has 
been discarded due to frequent maintenance issues. Furthermore, pilot projects will 
provide the necessary confidence to high management to undertake a large-scale TPM 
implementation on all the factory equipment.  
5- Lack of a Suitable Reward Strategy: For efficient TPM implementation, 
employees must be committed and motivated. Hence, it is imperative that 
compensation and benefits are supplemented by incentives and reward plans for better 
employee productivity. Such incentives and rewards facilitate motivation to execute 
the tasks in time, more efficiently, and with zero errors. This is a proven strategy stated 
by Piechnicki et al. (2015); for employee encouragement and proactive engagement. 
However, reward plans whether monetary or non-monetary, must be clear and 
connected to TPM implementation aims and targets.  
(2) Culture  
It is sub-divided into six areas as the following:  
1- Resistance to Change: To implement a complex philosophy, it is essential that the 
companies shows a willingness to adapt and transform in accordance with the dynamic 
environment. This is possible by utilising innovation to tackle the challenge of cut-
throat competition. Individuals at senior management level must be able to identify the 
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factors that facilitate change, adopt policies to create change processes and finally, 
should assess and evaluate change (Griffin and Moorhead, 2008). A lot of 
organisations feel that it is dangerous to change path and therefore encounter trouble 
while adopting TPM. Nevertheless, it must be realised that they must continually 
evolve to counter growing competition.  
2- Workplace Culture: The underlying factor, in this case, is ‘Trust’. To ensure 
successful TPM implementation, it is vital that all staff members, both from 
management and non-management levels, are agreeable to TPM implementation. It is 
vital that ideas are freely exchanged, both vertically and horizontally in the 
organisation hierarchy. The information and data must be voluntarily exchanged for 
the formulation of innovative ideas. Principally, in a lot of organisations, the absence 
of effective horizontal coordination and interaction between the maintenance, 
operations and planning departments leads to ineffective usage of technical data for 
design improvement (Kulkarni and Dabade, 2013). In fact, it is essential that all 
employees are engaged in the process of decision-making. However, this is the very 
challenge encountered by the organisations – modifying work cultures to facilitate 
participation of all employees in TPM implementation (Ben-Daya et al., 2009).  
3- Resistance by Staff: In organisations, where work culture segregates staff on the 
basis of the departments they work in, employees feel that they belong to their 
department more and do not share the same sense of belongingness for the 
organisation itself (Poduval et al., 2013). In such a case they fear any change, 
including TPM. This apprehension for the unknown prevents active employee 
participation. To avoid this, it is essential that senior management informs all staff 
members about the benefits of implementing TPM in their organisation.  
4- Minimal Non-Management Staff Engagement: Although TPM follows the top-
down strategy, the complete participation of all workers is essential for successful 
implementation. As regards to the Indian sector, as many organisations have unionised 
staff at the non-management level, trust plays a vital role (Poduval et al., 2015). 
Furthermore, most of operative staff in Abu Dhabi power industry are from south Asia 
particularly from India. Unfortunately, due to current rules and policies of the Abu 
Dhabi power sector, unionised power plants are not permitted. It has been seen that 
often the non-management employees are apprehensive the intentions of senior 
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management. Therefore, senior management should involve union representatives in 
all planning and decision-making processes during every phase of TPM 
implementation (Panneerselvam, 2012). This will help counter various behavioural 
barriers of employees. Principally, management should convince union of the TPM 
benefits, otherwise, the adoption failure is inevitable.   
5- Inappropriate Team Construction: Essentially teams are an important part of any 
implementation strategy. For effective TPM adoption, ‘Team’ must incorporate each 
department, whether it is maintenance, operations or engineering (Blanchard et al., 
1995). To resolve the root cause of all problems, cross-functional teams can be 
formulated, which can facilitate visible improvements and lead to actual ‘bottom line’ 
earnings (Ahuja and Khamba, 2008a, 2008b). For identifying such faults, concerns and 
snags in equipment, it is vital that teams comprise members from various departments 
and are authorised to independently take decisions and act on them. This will allow a 
comprehensive view of getting benefited from the knowledge of diverse departments 
and varied member experiences.  
6- Approach Toward Operation Practice: It is not possible to achieve TPM success 
in organisations that readily agree to any equipment breakdown as a usual norm. Such 
work atmosphere promotes unproductive process structures and consequently leads to 
inferior product quality and high recall rate of products from customers. This further 
results in decreasing revenue and insufficient company development. TPM primarily 
focuses on minimising major production losses, decreasing downtime and reducing the 
generation of scrap and rework (Kulkarni and Dabade, 2013). However, for successful 
TPM implementation, employees must concentrate completely on the production line; 
they must examine each individual failure and attempt to seek solutions to prevent 
repetition. Moreover, routine maintenance should be implemented and operators 
should be involved in it to prevent further deterioration, avoid contamination and 
prevent equipment faults (Suzuki, 1994). 
(3) Cost  
It is sub-divided into two areas as the following:  
1- Cost of Human Resources: To reap maximum benefits from employing minimal 
resources, organisations believe in the concept of “do more with less”. However, it is 
vital that for effective TPM implementation, there is a dedicated coordinator and a 
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complete office setup with staff to ensure proper coordination and follow-up with 
various departments. The steering committee is responsible for launching and driving 
the implementation of TPM programme and human resources should be hired as per 
the demands of TPM processes. They should also harmonise the entire effort and 
confirm that consistent decisions are undertaken (Suzuki, 1994). However, 
unfortunately, many firms do not consider TPM implementation to be a core 
requirement, and hence, do not take it into consideration while allocating human 
resources. 
2- Possessing Large Inventories: Principally holding inventory or stock means cost 
consumption, whereas TPM attempts to reduce production costs in all possible ways. 
Therefore, it is imperative that management is sensitive towards the cost of inventory. 
Inventory comprises raw materials, finished goods, or work-in-process. Management 
must aim for the maximum reduction of stock costs for all three kinds of inventory. 
However, these costs are directly linked to organisation production and maintenance 
strategies. Recurrent equipment breakdown causes inventory increase and leads to 
imperfect quality of finished products. This, in turn, increases reject rates of products. 
Principally, to make sure that organisations do not suffer from the unavailability of 
stock, they hold higher inventory, which leads to excessive storage charges that affect 
revenue negatively (Poduval et al., 2013). To avoid this, production should function 
without any interruptions which will allow the organisation to secure raw materials by 
following the philosophy of just-in-time. The result will enable the procurement of raw 
materials just before they are needed and avoid storage costs. This will aid the 
production of good quality finished products in accordance with the requirements of 
customers without the need to store excess raw materials.  
(4) Knowledge and Skill  
It is sub-divided into two areas as the following:  
1- Lack of TPM knowledge: Before undertaking TPM implementation, management 
should organise an information drive to educate all participants of its benefits. Staff 
should know what TPM means and why the company is planning to adopt it. One of 
the primary causes that leads to TPM failure is that often the staff is not well aware of 
TPM and consequently, are not sufficiently motivated to implement it. Hence, it is 
recommended that even before announcing TPM implementation, senior managers 
Optimising Total Productive Maintenance (TPM) and Asset Management Strategies through Artificial Intelligence 
(AI) Technologies: the Development and Enhancement of Abu Dhabi Power Networks 
108 
   
must visit organisations where TPM is successfully adopted to get informed about the 
essential specifics (Poduval et al., 2013). Recruitment of TPM experts make staff 
aware of its advantages. Putting sufficient effort and time into organisation awareness 
will ensure that staff are efficiently prepared to take the road ahead. 
2- Training necessity: It is vital that organisations recognise the exact knowledge, 
management abilities and skills that it wants to inculcate in its employees and 
subsequently plan the training in accordance with those skills (Suzuki, 1994). To 
achieve this purpose, they should be willing to invest money in the development, 
education and training to make employees aware of the benefits of TPM adoption 
(Poduval et al., 2013). In comparison to the potential benefits of the implementation, 
this cost should be considered as a minimal investment (Poduval et al., 2013). 
Additionally, a centralised steering committee should be formulated to train employees 
in varied functional sectors and to address multi-skill needs of various segments in the 
organisation (Ahuja and Khamba, 2007). 
 (5) Maintenance and Modification  
It is sub-divided into six areas as the following:  
1- Repair-Based Maintenance: In a majority of organisations, rather than 
implementing maintenance tasks for avoiding potential repair or complete failure, the 
intention is to immediately rectify the fault and returning the equipment back on 
service as quickly as possible (Poduval et al., 2013). Instead, the attention should be 
paid to reliability centred maintenance. This means that the function focus on assuring 
highest reliability in equipment operations instead of quick repair time (Moore, 1997). 
During maintenance procedures, the plan should be root cause analysis for failure so 
that the fault does not occurring again. By ensuring this, companies would be able to 
economise on maintenance and repair costs. This can be accomplished by taking 
efforts to increase equipment lifespan, increase maintenance intervals, avoid needless 
PMs, and incessantly aim to enhance and optimise reliability (Moore, 1997). 
2- Inadequate Planning for Design Change and Maintain Replacement: This is 
directly linked to repair-driven maintenance, where the focus is on performing minimal 
maintenance that is required to keep equipment functional and running. In addition, all 
design changes and replacements are usually performed only in the next possible 
opportunity. Essentially it is this work culture that indicates the commitment of 
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management to minimise maintenance expenses. If equipment needs scheduled 
replacement or design change, it should be isolated from service as long it takes to 
carry out the requisite maintenance and design change to make sure that it will not fail 
again (Poduval et al., 2013). 
3- Managing Maintenance Process: For implementing TPM successfully, it is vital 
that maintenance records and programme are based on CMMSs. This allows easy 
access to schedules and reports of failure analysis. Organisations invest heavily in 
maintenance departments to apply innovative maintenance enhancement programme 
like computerised maintenance management systems and predictive maintenance to 
enhance operation capabilities and plant performance through innovate proactive 
maintenance enhancement strategies (Panneerselvam, 2012). In addition, organisations 
that have only one of predictive or preventive maintenance plan may find it 
challenging to implement TPM. This is because successful TPM adoption requires a 
perfect mixture of reliability centred, predictive, preventive and corrective 
maintenance for effective management. Nowadays, CMMS systems are an essential 
parameter for standardised tracking and planning maintenance activities (Poduval et 
al., 2015). 
4- Design Modification Issues: how many companies would play with the 
equipment’s design to result positive modifications and hence increase the output 
productivity? In a lot of instances, the design approved by Original Equipment 
Manufacturer (OEM) will have certain tolerance limitations and it is possible to carry 
out design modifications within these limits. The organisation consulting OEM should 
modify the design in accordance with the process needs to improve the productivity 
and efficiency. The technical team should analyse the design parameters to implement 
the required modifications for enhancing equipment reliability and avoid unnecessary 
maintenance. 
5- Lack of Standard Operating Procedures (SOPs): TPM implementation needs 
operators to perform activities of routine maintenance. This can be accomplished by 
delivering the operators SOPs or a set of maintenance work instructions specifying and 
describing the maintenance tasks where they are needed to implement. These SOPs 
offer ready instructions to the employees for executing daily, weekly and monthly 
tasks in accordance with the demands of the process. These instructions illustrate the 
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methods of undertaking the tasks so that there is technical and quality consistency and 
the organisation can adhere to quality control mechanisms (United States 
Environmental Protection Agency, 2007). Additionally, written procedures with step-
by-step instructions ensure that machines are properly run and there are minimal 
chances of failure (Poduval et al., 2013). Maintenance teams require SOPs to perform 
preventive maintenance as it as they contain all the defined and planned maintenance 
tasks. 
6- Instruments and Tools: As previously indicated, maintenance prevention is the 
ultimate aim of TPM so that the machines can be operated without interruptions and 
hence have high availability. In addition, it is vital that appropriate tools are used for 
each maintenance task (Poduval et al., 2015). Hence, it is significant that the team 
responsible for maintenance is familiar with all maintenance tools and instruments. 
Organisations should further invest in innovative and novel measuring tools for faster 
recognition and rectification of faults emerging in plant operations processes. This will 
help reduce the chances of failure and equipment breakdown (Poduval et al., 2013). 
Moreover, it should be realised that all tools should be maintained in good working 
order after their procurement.  
3.3 Gaps in Knowledge 
In this literature review section, the researcher will give summary about the 
aforementioned extensive literature through delivering critical analysis and identifying 
gaps in the knowledge. 
3.3.1 Critical Analysis  
Many authors investigated factors that impact the successful TPM implementation in 
different industries (Poduval et al., 2015; Attri et al., 2014; Attri et al., 2013a; Lee 
Cooke, 2000; Bamber et al., 1999; Labib, 1999). On the other hand, there are many 
scholars developed a generic model for TPM implementation (Aljanabi et al., 2016; 
Modgil and Sharma, 2016; Sivaram et al., 2014; Meng and Yusof, 2012; Peimbert-
García et al., 2012; Graisa and Al-Habaibeh, 2011; Mad Lazim and Ramayah, 2010; 
Ahujaand Khamba, 2008b; Seng et al., 2005; Ahmed et al., 2004 Park and Han, 2001; 
McKone et al., 1999). However, these models did not involve the utilization of modern 
technology that can enhance the TPM implementation (Tyagi et al., 2013). Lawrence 
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(1999) used mathematical modeling (based on the concept of artificial intelligence) for 
understanding the benefits of implementing TPM. However, he discussed on the 
impact quantization by the model but not on how the models can be developed. In 
addition, the modeling is heavily dependent on various sets of assumptions. Different 
assumptions can give different results and therefore a hint of inconsistency (Tyagi et 
al., 2013). Bohoris et al. (1995) discussed the implementation of TPM in Land Rover-
Transmissions using CMMS. They stated that CMMS system is a very important 
contributor providing prompt and accurate information for the implementation of 
TPM. However, this system relies heavily on the input provided by the human 
resources, which is a drawback for successful implementation of TPM (Tyagi et al., 
2013). Furthermore, Ljungberg (1998) considered OEE as a base for the effective 
implementation of TPM. The study focuses on gathering data for machinery losses, 
which provide the required base for planning activities in a TPM framework. However, 
Tyagi et al. (2013) argued that the model adopted in this study needs to be applied and 
checked for in an organisation/industry and checked for its practicality. Labib (1999) 
indicated shortcomings in the practical implementation of TPM and he devised a more 
feasible implementation process called Appropriate Productive Maintenance [APM]. 
However, he does not explore the possible weaknesses of the newly proposed APM 
methodology. Tyagi et al. (2013) argued that a rigorous study in this respect will be 
needed to explore if the methodology is correct or not.  
According to barriers that affect TPM implementation, Lee Cooke (2000) identified 
various barriers to the successful implementation of TPM and he explored difficulties 
faced by four firms while attempting to implement TPM programme. However, Tyagi 
et al. (2013) argued that the companies under investigation share similar characteristics 
in terms of the nature of production. Graisa and Al-Habaibeh (2011) developed an 
innovative TPM strategy to address the production challenges of Libyan Cement 
Industries. However, the study fails to consider the clear explanation about practical 
implementation of an innovative TPM methodology (Tyagi et al., 2013). Aspinwal and 
Elgharib (2013) explained that in context to TPM implementation methods and 
technique in terms of payback return on investment. However, the number of 
organisations that were willing to participate in the research was poor, thereby making 
it difficult to generalize the conclusions. Ireland and Dale (2001) discussed about TPM 
implementation in 3 different companies based on Nakajima’s seven principles of 
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autonomous maintenance. Moreover, they mention about the use of ABC classification 
and other process like FMEA and quality matrix. However, the results of these 
processes have not been listed in their study (Tyagi et al., 2013). Ferrari et al. (2002) 
introduced TPM in Italian factories. They discussed that TPM in Italy have started 
gaining pace in reducing breakdown losses and motivating employees and contractors 
through autonomous maintenance. However, Tyagi et al. (2013) debated that TPM 
practices followed by Italian manufacturing companies are more theoretical based and 
there is not a mathematical research is made. Mad Lazim and Ramayah (2010) 
revealed that the participation of autonomous maintenance an extremely important role 
in influencing the success of TPM implementation. However, they fail to fully explain 
and propose the practical process of the participation of operators in the maintenance 
activities (Tyagi et al., 2013). 
According to literature reviews, the researcher summarized the three critical aspects 
related to the TPM implementation context. The first aspect is associated with 
research strategy and focus industry that shows a clear gap in literature about the 
empirical studies as well as qualitative research in power industry. There are few 
studies that empirically examine the TPM implementation within power sector. 
Moreover, the researcher found that only two studies had been published related to 
TPM implementation in the power generation industry; these were by Junior et al. 
(2018) and Aljanabi et al. (2016). However, both studies did not give any description 
or procedures about practical implementation of TPM. In addition, participation of 
autonomous maintenance did not examine empirically in the aforementioned studies. 
The second aspect is related to focus region and sampling strategy. According to 
reviews of literature, there is almost no research conducted in TPM implementation 
within power industry in Gulf countries particularly in the UAE. The work 
environment in the Arabian Gulf region, particularly in UAE is unique due to 
employees of different nationalities in the power industry who have different cultures. 
Many authors in literature like (Al-Esia and Skok, 2014 and Al-Ali, 2008) stated that 
foreign workers and expatriates who both work and live in UAE, create a very unique 
business dynamic of high cultural diversity. However, there is a clear gap in the 
literature related to sampling strategy within TPM implementation studies that 
involves samples from different nationalities with different cultures across one 
organisation. Thus, this research will bridge the gap through selecting samples from 
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different countries with different cultures across Abu Dhabi power plants (three case 
studies). There is almost no research that involves employees from other countries 
with different cultures. The third aspect is associated with participation of operators 
within power plant maintenance activities. According to the literature review, there is 
lack of literature about empirically studies that examine the impact of national culture, 
structural empowerment, and utilisation of artificial intelligence (maintenance 
optimisation models) on participation of autonomous maintenance. Based on 
consistencies and inconsistences of literature review, there are clear gaps regarding 
three aforementioned aspects.  
The overarching consensus emanating from the literature would tend to support the 
notion that participation of autonomous maintenance an extremely important role in 
influencing the success of TPM implementation. This will of course be dependent of 
the organisation’s nature in terms of their suitability and adaptability to this TPM 
programme and the process of implementation. The literature also stressed the 
importance factors in successful implementation of TPM such as: (senior management 
commitment, management style and empowerment, communication and coordination, 
rewards and motivation, and knowledge sharing) which are shaping employee 
empowerment. Moreover, previous studies show the significant role of different 
factors like: training and education, employee commitment, job satisfaction, teamwork 
and staff involvement, innovation, and change management that can affect TPM 
implementation. In consideration of the literature there would appear to be varying 
perspectives as to the influence of TPM implementation upon the organisational 
culture and poor maintenance practices.  
Accordingly, the literature has acknowledged that there is an apparent lack of 
definitive and conclusive evidence around TPM implementation and autonomous 
maintenance participation in the power industry, which gives further justification for 
the study aim. Opinions are clearly divided and further research into the mechanisms 
and factors which could have a potential influence on TPM implementation could be 
extremely useful. A clear deficiency of previous studies and empirical evidence has 
informed the objectives of this thesis in developing and enhancing the specific areas 
for research. The literature has highlighted and justified potential influences that 
organisational culture, employee empowerment, and artificial intelligence (based on 
maintenance optimisation models) could have on successful TPM implementation. 
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However, there is a clear lack of literature on the TPM implementation in power plants 
as well the impact of organisation culture on the autonomous maintenance 
participation and therefore, this research will contribute to bridge the current gaps in 
knowledge. In consideration of this, the aim and objectives have been founded from 
these gaps in current research and recommendations for future studies of this nature.  
3.3.2 Identifying Knowledge Gaps in TPM Implementation within the 
Context of Power Industry 
The power industry has recognised the significance of implementing TPM as a 
maintenance strategy to enhance its proactive techniques and improve power asset 
reliability. However, implementation of TPM programme needs strategic planning and 
there has been little research applied in this area within Middle-East power plants. 
There are few authors who discussed TPM philosophy within power industry such as 
Junior et al. (2018); Aljanabi et al. (2016) and Wai Foon and Terziovski (2014). 
However, there is a clear gap existing in the literature review about studying the 
impact of cultural dimensions and employee empowerment on the autonomous 
maintenance participation within power industry context. In addition, there is almost 
no research establish the operational steps about effective participation of autonomous 
maintenance as proposed theoretical framework for successful TPM implementation 
and improvement of power plants. Thus, the aim of this research is to investigate the 
critical factors that affect successful implementation of TPM programme in the Abu 
Dhabi power industry environment.  
Involvement in TPM requires the operators to perform a variety of basic tasks in 
equipment maintenance such as routine checking, cleaning, and lubrication, which in 
turn, necessitates the use of additional skills. The maintainers are released from 
performing their traditional routine tasks and instead are required to move on to higher 
level jobs, which require the use of multiple skills such as in major repairs, overhauls, 
equipment improvements, more complex preventive maintenance, and replacement and 
acquisition of physical assets. Furthermore, empowerment in TPM, is likely to enhance 
employees’ sense of autonomy. For instance, in autonomous maintenance, production 
operators are not only allowed to look after the conditions and effectiveness of the 
equipment and machines within their care, but also given the opportunity to decide and 
initiate corrective actions to prevent any unscheduled breakdowns (Nasurdin et al., 
2005). Ramayah et al. (2002) discussed that employee empowerment is one of the 
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most significant factors that can drive successful implementation of TPM. Employee 
Empowerment is one of the main criteria in TPM implementation. Many scholars like 
Munir et al. (2019); Jain et al. (2018); Riccetti (2013); Nakajima (1988) elaborated 
TPM programme will not work without empowering the operators or the production 
workers to carry out the autonomous maintenance. However, there is a clear lack of 
literature that explores the influence of employee empowerment on autonomous 
maintenance participation and therefore, the third objective of this research aims to 
examine the potential impact of organisational culture on autonomous maintenance 
(operators) participation in maintenance activities within the context of Abu Dhabi 
power plants using a structural equation modeling approach. Riccetti (2013) argued 
that senior managers should gain a great understanding of the empowerment 
significance through change and building the high capabilities of operators and 
maintenance personnel.      
The conclusion of this analysis is the identification of an important gap in current 
knowledge on the study the impact of cultural dimensions and employee 
empowerment on the autonomous maintenance participation within power industry 
context. Thus, Objective 3 in this research is: 
“OB 3. To examine the potential impact of organisational culture and structural 
empowerment on autonomous maintenance (operators) participation in 
maintenance activities”.  
 
The needs and significance of prognostic techniques (predictive maintenance strategy) 
within TPM implementation is well understood in many different industries. However, 
there has been almost no research applied in this area within Middle-East power plants. 
It is realised that several of the particular techniques/methods required in TPM 
implementation are not new. For example, the concept of the planned maintenance 
pillar that employs predictive maintenance through using condition monitoring 
techniques has been applied for many critical parts of power plants. Also the 
development of PM requirements based on life cycle data and reliability analysis has 
been accomplished in the power industry. Furthermore, planned maintenance is one of 
the most effective pillar in TPM strategy and it involves various methods, techniques, 
and strategies such as predictive maintenance strategy. However, these techniques/ 
methods have not been very well recognised or appropriately integrated as well as the 
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task of autonomous maintenance (operators) to carry out maintenance activities on 
their own machine has been not accomplished. According to recent practices, most of 
the tools and approaches in this field have been designed independently, utilise 
different format and language necessities, have different operating platforms, and 
undoubtedly have miscommunication between them. The suitable integration of these 
approaches (and the historical data during analysis stage) is vital.  This is clearly true 
in the implementation of TPM when more visibility is required in assessing the 
“effects of interaction” between policies of PM, requirements of corrective 
maintenance, and the participation of (operators or maintenance engineers) as part of 
the system (Blanchard, 1997). 
Predictive maintenance techniques have become the foundation for most modern 
maintenance methods. Predictive maintenance programs involve different methods of 
problem diagnosis to predict equipment faults before they occur. This diagnosis 
involves several types of equipment testing to deliver results that can be compared 
with standard results, and based on results, correct maintenance action can be taken 
(Schmidt and Wang, 2016). Condition monitoring techniques are: vibration analysis, 
acoustic analysis, thermography-infra-red radiation, oil analysis and human senses 
among others. Further, the Dissolved-Gas Analysis (DGA) technique examines the oil 
and its chemical composition to predict failure modes. The results of this test will 
determine the following: high content of silicon thus indicating contamination of grit; 
and high levels of iron indicating a wearing of components, and iron or aluminium 
presence indicating worn piston rings. Right fault classification is significant in power 
transformers to minimise power quality (PQ) disturbances. Partial discharge (PD), 
corona, arcing and thermal heating cause PQ disturbances and hence may lead to 
catastrophic failures (e.g. interruption of power supply, damaged equipment, increase 
maintenance costs, and high safety risks to operators and technicians).  
Dekker (1996) explained that condition monitoring techniques used in the 1970's to 
predict potential failure utilising data on the actual condition of equipment (e.g., 
vibration monitoring, oil analysis, debris analysis). Moreover, Garg and Deshmukh 
(2006) discussed that reliability concept established in the 1980's based on the RCM 
characteristics. Nowadays, many scholars are developing various models of 
mathematical maintenance to predict the measures of reliability and determine the 
optimal maintenance strategies and policies. However, these different types of 
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optimisation models may be suitable to capable maintenance engineers who can 
incorporating information about the failure mechanisms, failure detection methods, 
maintenance strategy, and the repair policies. Therefore, those capable engineers can 
give reasonable justification of assumptions and the applicability of using these models 
with specific environment which can deliver greater confidence in predicts or 
estimates on the basis of production data. Dekker (1996) highlighted that the 
significance of successful application of maintenance optimisation models on 
problems and challenges of maintenance. He argued that maintenance and optimisation 
models can be used in several ways such as it can be utilised with real data to generate 
advice to senior assets managers on real problems. Also it can be used to overview real 
applications, or suggest applications that present examples with real information/data. 
The last type of model can be used as an expert system or decision support system. 
Further, there are numerous industries and areas in which these models have been 
implemented; popular industries are maintenance scheduling of power stations and 
road maintenance, whereas popular areas are vehicle replacements, equipment, and 
inspection optimisation. Furthermore, Garg and Deshmukh (2006) discussed that 
equipment with different conditions may have various failure patterns, therefore it is 
not permanently possible to employ an optimisation model. Another challenge is the 
constant entrance of new equipment that leads records of historical data being obsolete 
and hence affects replacement decisions. On the other hand, there are problems 
encountered in implementing models of maintenance optimisation mentioned in the 
previous case studies, concerning collection and analysis of data as well as difficulty in 
interpreting results (Dekker, 1996; Garg and Deshmukh, 2006).  
Autonomous maintenance has more attention on operators to take part actively in 
maintenance actions. However, practical programmes of training and education are 
required to have successful participation of autonomous maintenance. Mad Lazim and 
Ramayah (2010) stated that TPM combines both the predictive and preventive 
maintenance strategies with more focus on participation of employee. The usage of 
advanced technologies to predict and identify any abnormality or equipment 
deterioration also enhances the principle of predictive maintenance. Moreover, TPM 
blends condition-based maintenance (CBM), and both predictive with preventive 
maintenance actions as well. Parida and Kumar (2006) explained that mixture of both 
approaches of predictive and preventive maintenance can lead to detect any early 
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failure as well as avoid any equipment deterioration through utilising effective 
inspection technology of CBM such as thermography, spectroscopy, vibration, and 
other different tools.  
The involvement of employees is undoubted very significant; mainly operators who 
takes the responsibility of equipment operation (Mad Lazim and Ramayah, 2010). 
Nakajima (1988) elaborated that contributions of both pillars of planned maintenance 
and autonomous maintenance allow operators to operate systems or equipment 
efficiently therefore avoid any deterioration and optimise the lifecycle of assets. The 
aim of the planned maintenance is to enable both maintenance engineers and 
equipment operators to analyse the root cause of system or equipment failures and 
based on this analysis they can develop a system of planned maintenance to modify or 
repair the equipment and hence optimise maintainability of systems. According to 
previous studies conducted by authors like Mad Lazim et al. (2017); Baglee and 
Knowles (2010), they conclude that planned maintenance usually comprises work 
carried out by expert maintenance engineers, however the goal is to transfer and assign 
the tasks and roles to operators. Mad Lazim et al. (2017) argued that if operators are 
skilful and knowledgeable, many tasks can be executed without incurring big changes 
in performance. Mad Lazim and Ramayah (2010) indicated that operators have high 
flexibility in conducting various basic maintenance works and contributing to activities 
of continuous improvement such as adjusting, lubrication, inspection, and cleaning. On 
the other hand, documentations process is the key point that wants to be addressed 
clearly when the organisation’s target is to obtain the benefits of continuous 
improvement. Thus, activities that related to continuous improvement and 
aforementioned light maintenance tasks should be maintained and recorded for regular 
analysis. This kind of consistent and steady analysis will lead to have significant 
results that can be shared between all staff and hence enable them to observe the 
performance of equipment for further improvements. The purpose of planned 
maintenance pillar is to make sure that all information of equipment such as time of 
failure, root cause analysis of breakdowns, maintenance costs, and other data are 
available to all staff. Thus, through planned maintenance and autonomous maintenance 
pillars, abnormalities, equipment deterioration, and failures are detected as well as 
predicted by the operators, so the daily operations will be improved through obtaining 
high equipment availability and performance (Mad Lazim and Ramayah, 2010). 
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Prickett (1999) advocated that it must be considered in developing entirely system of 
autonomous maintenance that all important data relating to the performance and state 
of the equipment should be recorded to enable the skilled operators to analyse the 
recording data and hence the results utilised to enhance more effective maintenance. 
This analysis process with conducting light maintenance activates by the operators will 
support expert maintenance engineers (who have previously carried out more trivial 
work under high stress) through tackling more complex problems arising and 
identifying effective maintenance strategies.   
On the other hand, the concept of remaining useful life (RUL) is very significant for 
prognosis the failures of critical industrial plants. Data-driven approach is the modern 
technique to condition based maintenance. This approach is based on historical data 
(e.g. measurements of past failure time) to detect component degradation and hence 
provide estimates of the RUL of equipment. Another source of data, however rarely 
utilised in these models, is the automatic messages stream resulting from diagnostics 
software, which comprise of fault codes signifying abnormal events. Although the 
richness and brief nature of these generated messages, their difficult understanding and 
interpretation postures significant challenges to its utilise in prognostics (Baptista et 
al., 2017). Furthermore, Sica et al. (2015) discussed that the power transformer is one 
of the most expensive and critical asset in power industry. Its failure may impact both 
electric utilities and society. Thus, many mathematical tools have been designed to 
monitor any abnormity of such a significant asset. DGA technique is used for 
classification of initial faults in transformers. They developed a maintenance 
optimisation model to predict signs of early failure and prevent or avoid unplanned 
reactive action. This model consist of real database generated from DGA tests and it 
aims to provide fault prognosis as well as optimise maintenance costs. However, there 
is a clear gap existing in the literature review about studying how prognostic 
techniques based on the RUL concept can affect the successful participation of 
autonomous maintenance through using simulation/model of maintenance 
optimisation. This area of integrating autonomous maintenance and RUL concept 
through using simulation model provides the maximum potential for meeting the 
overall objectives of successful implementation of TPM in the power industry. This 
can optimal be achieved by enhancing the approaches for system assessment and 
analysis, utilising the suitable prognostic techniques for getting high visibility relative 
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to critical problem and delivering the best solution based on alternative in-depth 
evaluation. Conversely, to ensure TPM implementation is a success, Lawrence (1999) 
states the significance of mathematical modeling is essential in introducing cultural 
change. According to Ng et al. (2011) the use of integer programming, linear 
programming, and other methods and measurements MTTR, MTBF, degradation data, 
and other historical data can optimise maintenance management processes and also 
define how such optimisation models and tools might be utilised to support cultural 
change by emphasising the tangibility and objectivity of the TPM benefits to all 
employees. Mathematical models serve as an additional boost to speed up the 
implementation and success of TPM (Lawrence, 1999; Ng et al., 2011). 
Junior et al. (2018) developed an innovation model that combines predictive 
maintenance techniques with applying only 4 TPM pillars (autonomous maintenance, 
planned maintenance focus improvement, and education and training) to predict the 
failure in thermoelectric power plants using fuzzy logic as computational intelligence. 
This model involves thermography, oil, and vibration analysis to provide optimal load 
dispatch that can effectively optimize power supply, reliability, and maintenance costs 
of thermoelectric power plants. This developed research model by Junior et al. (2018) 
has an innovative approach which can be utilised to provide optimal load dispatch. 
However, it does not give any description or procedures about its implementation 
practicality. Also, it does not show how 4 pillars of TPM interfere with applying 
statistical analysis related to thermography, oil lubricating, and vibrations. 
The main conclusion of this research study exposes a gap in the integrating prognostic 
techniques and the TPM approach within the power industry context, particularly with 
regard to participation of autonomous maintenance. In addition, the researcher aims to 
utilise maintenance optimisation model to measure the impact of effective prognostic 
techniques (Predicting RUL based on degradation analysis) on the autonomous 
maintenance participation in which it gives the opportunity to predict early failure in 
critical power plant (like power transformers) before the occurrence of the catastrophic 
failure. The conclusion of this analysis is the identification of an important gap in 
current knowledge on the impact of effective prognostic techniques (Predicting 
Remaining Useful Life) on the autonomous maintenance participation within the 
power industry context and hence can lead to successful implementation of TPM. 
Thus, Objective 4 in this research is: 
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“OB 4. To appraise the impact of effective prognostic technique (Predicting 
Remaining Useful Life) on successful implementation of TPM based on 
degradation analysis through utilising AI technologies”.  
 
Maintenance of industrial assets has become a significant element in assets 
management strategy. Nowadays the slowdown in economic growth over the world, 
maintenance of plant asset and the production itself have the same important. Saving 
money with optimal maintenance activities is one of the cornerstones in understanding 
the maintenance cost optimisation. Unfortunately, organisations no more see expenses 
on their daily activities as wasteful particularly, those that are associated with 
maintenance. Costs of maintenance have now emerged as the investment that yield 
more optimal results. According to diagnostic activities, there is a cost linked with 
these activities. When inspection frequency is increased, the results can be seen in 
higher operations costs for the organisation. Thus, optimisation of maintenance 
schedule that includes diagnostics activities is an issue that requires more focus. 
Deciding optimum maintenance intervals that involves condition monitoring is another 
issue required to be addressed. The CBM of big industrial assets should be performed 
with whole integration of efficient data with other tasks (for example inventory 
planning/production) that are affected by maintenance activities so that optimal usage 
of industrial assets is influenced with lowest total cost. Intelligent systems that can be 
used for maintenance management have now become as the solution to overcome these 
complicated requirements (Baglee et al., 2017). 
Today, most industries understand the significance of moving beyond traditional and 
old-style techniques of maintenance management to computerised maintenance 
management. The growth in usage of computers, combined with a sharp cost reduction 
has led to AI applications within the maintenance management field as well. CMMSs 
have been utilised in different organisations today but with limited success. Most of 
these systems have suffered from their limited capabilities where they stet produce job 
orders, allocate maintenance staff, manage materials and supplies to a certain level and 
generate schedules of maintenance based on established maintenance policy and rules. 
However, the complexity of power plants operations has been increased significantly. 
This result in development of systems of maintenance management. According to 
Baglee et al. (2017), the capability of maintenance management systems is limited and 
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these systems do not have the ability to store or retrieve the knowledge, diagnosis or 
prognosis. Some of these systems have moved ahead through utilising CBM modules. 
These modules of CBM are available and supplied by many vendors. They enable a 
CMMS to utilise alarms levels of condition monitoring to generate maintenance 
actions.                
Data of condition monitoring for industrial assets is compared with the set thresholds 
and when there is abnormality on the asset an alarm is generated to highlight the 
problem. Moore and Starr (2006) have discussed a new improvement within current 
systems of maintenance management. Capability of criticality assessment is integrated 
with these systems. This capability allows maintenance personnel to assess the most 
critical parts of the equipment/system to the operation through evaluating the historical 
data and capabilities of operators. This criticality analysis will lead to more attention 
on critical assets and hence enable asset managers to formulate maintenance strategies. 
These aforementioned improvements in maintenance management systems have 
several challenges. Mathew et al. (2006) argued that with the various systems of asset 
management provided by many vendors, the integration process can be difficult due to 
unique data interfaces/exchange for each system. Many plants have the same problem 
of data integration process. Moreover, some organisations have the customisation of 
their plant requirements from more than one system from different vendor. Buying 
intelligent systems from a single source can lead to compatibility. However, vendors 
may not offer a complete solutions to asset management, and sticking to the single 
source can prove risky. This will result in a conflict because the data 
interface/exchange has differences. Conversely, custom bridges have the ability to 
integrate different systems that are provided by many vendors but there will be 
additional expenditure. Organisations need to adopt an industry standard bridges to 
enable them to mix several systems with decreased costs of integration.    
On the other hand, the model, Advanced Integrated Maintenance Management System 
(AIMMS) was developed by Baglee et al. (2017). It aims to promote technical 
modifications to system of production, by enabling autonomous maintenance 
(operators) through activities of condition monitoring. This model is developed on a 
small scale to achieve a balance between the technical complexity identification, 
operators’ competence identification and an increase in the amount of empowerment 
from maintenance engineers to operators. This model links two modern maintenance 
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practices which are TPM and RCM tools. Although RCM focuses on understanding 
and identifying system functions, functional failures and the consequences of those 
failures, it does not consider planning and scheduling and people efficiency; neither 
does it work if the basic equipment condition and the operating standards are not 
addressed first  (Baglee and Knowles, 2010). The lack of any accurate and historical 
equipment data should not prevent the use of RCM from the development of a 
maintenance system but rather support the application of TPM. Further, Eti et al. 
(2006) discussed that TPM is carry out predictive/preventive maintenance strategies to 
detect any abnormality and fix equipment before reaching the deterioration stage as 
well optimise maintenance costs. Thus, mixture of the two maintenance methodologies 
aims to ensure that conditions of basic equipment are well-recognised and operators’ 
competency are developed (Wang and Hwang, 2004). According to Ben-Daya (2000), 
RCM may enhance the implementation of TPM through PM programme of high 
efficacy that need to be developed to ensure optimal OEE and enable autonomous 
maintenance operators to perform their tasks easily. Thus, RCM can play a significant 
part in such PM programme developments. Tsantiotis et al. (2007) reinforced that 
RCM has a cost-efficient application through optimising fault detection method. 
However, Hansson et al. (2003) discussed that implementation of RCM and TPM have 
been poorly performed or often failed. This has affected the performance of 
organisations and survival in more competitive and innovative environments. 
Moreover, implementation of RCM takes long time to see positive results and applying 
a complete methodology of RCM needs organisational openness and management 
commitment (Vatn et al., 1996). Also, RCM needs huge amounts of efficient historical 
data, while previous studies showed that some organisations have a lack of historical 
data of their assets. Conversely, most organisations have performed PM activities more 
frequently than actual required. Thus, the process of RCM offers a justification of PM 
activities for every single piece of machine/system. The identification of different PM 
activities is directed to protecting function of system and is based on a holistic 
knowledge of failure causes of equipment. This process of RCM ensures the optimum 
selection with cost-effective PM activities (Chan et al., 2005). Baglee and Knowles 
(2010) stated that TPM, in particular participation of operators and planned 
maintenance activities enable a new strategy of maintenance (AIMMS) to measure the 
effort of implementation (using return on investment “ROI”), enable operators to 
monitor, implement and improve maintenance activities and to develop planned 
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maintenance utilising operators maintenance tasks delivered within model/software of 
maintenance optimisation. 
Waghmare et al. (2015) proposed a holistic framework for integration of TPM and 
FMEA for reducing overall production cost and improving quality and reliability. 
Furthermore, FMEA approach is to utilise effective resources and to reduce potential 
risk to critical assets. Risk Priority Number (RPN) approach is one of the results of 
FMECA. RPN obtained by multiplying Detection (D), Occurrence (O) and Severity 
(S). The higher value of the RPN means the higher risk and almost certainly the failure 
will happen during the stage of operation. Thus, corrective action should be executed 
to mitigate the risk to lowest. This process of RPN analysis is utilised to prioritise 
critical failures and help asset managers to make right decisions (Chong et al., 2015). 
Arno et al. (2016) presented an overview of how individual components fail based on 
RCM philosophy that involve FMEA and RPN analysis. On the other hand, Chen 
(2013) developed a comprehensive framework for integrating the FMEA-aided 
programme of Autonomous Preventive Maintenance (APM) and its operating system 
that could deliver benefits to maintenance managers/engineers dealing with the 
optimisation, design and analysis of both maintainability and reliability issues. This 
development framework classifies critical failures rapidly through analysis of RPN and 
selecting suitable actions by autonomous maintenance (operators) to eliminate critical 
failures risk and equipment deterioration causes. Branská and Šilhavá (2010) explained 
that an optimal maintenance strategy is determined for each part of production 
equipment based on a risk assessment matrix for each failure. In addition, Chandra and 
Sharma (2015) developed a decision model that involves three alternatives strategies: 
corrective maintenance, RCM, and TPM. The aim of this model is to provide a 
framework and pragmatic approach in implementation of TPM. Furthermore, Sharma 
and Sharma (2014) reported that integrating FMEA within TPM frameworks can show 
improvement in performance of equipment. In the literature there are numerous papers 
and books about RCM implementation, however most of them highlight only 
qualitative (subjective) aspects which shows an existing gap in quantitative aspects 
(Srikrishna et al., 1996). Thus, the integration of RCM activities with quantitative 
approaches is a new and innovative method since existing methodologies of RCM only 
used qualitative methods. Mendes and Ribeiro (2015) conducted a study that aims to 
identify the quantitative support for RCM operation. They discussed that quantitative 
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methods have not been utilised by most organisations due to a lack of historical data 
and suitable methods of statistical to interpret this data. They clarified that the usage of 
modelling through probability distributions is significant in several activities of RCM. 
Moreover, it is essential to recognise the effects of times to repair and times to failure 
on time. They identified that Monte Carlo simulation and economic engineering 
methods are more powerful analytical tools associated with the performance of 
production systems and maintenance costs. Methods of economic engineering enabled 
the life-cycle costs analysis of equipment/machines. Monte Carlo simulation has the 
ability to analyse real systems which are mainly stochastic. Furthermore, Farrero et al. 
(2002) recommended a quantitative approach to identify optimum time intervals and 
maintenance strategies. Srikrishna et al. (1996) show a method to identify the 
frequency of maintenance, based on optimal maintenance cost and maximum 
availability. Furthermore, various applications of TPM and RCM have been discussed 
in the literature (Fraser et al., 2015; Chan et al., 2005; Eti et al., 2004; Mokashi et al., 
2002). While various frameworks, methods and models are existing to control and 
manage maintenance actions, TPM and RCM are among the most executed in previous 
studies (Fraser et al., 2015; Hansson et al., 2003). However, TPM and RCM 
applications are considered independent and can be applied in sequence (Braglia et al., 
2019). Fraser et al. (2015) conducted a recent survey and confirmed that this 
methodology of both TPM and RCM is also utilised in practice. In spite of this, over 
many years numerous practitioners and researchers (Braglia et al., 2019; Chan et al., 
2005; Ben-Daya, 2000) have understood that TPM and RCM should be implemented 
together and they clarified that the integration between both applications TPM and 
RCM can result in numerous benefits and strengths, as each mitigates potential 
weaknesses for each other. According to the previous literature, there is a clear gap 
existing in participation of autonomous maintenance within RCM activities using 
quantitative analytical approaches. According to Ben-Daya (2000), implementation of 
RCM within TPM frameworks, can show improved outcomes. Through the definition 
of RCM and TPM, the essential role of RCM in successful TPM implementation 
becomes evident in modern maintenance practices (Branská and Šilhavá, 2010). 
Participation of operators within RCM activities leads to optimise both the control and 
planning activities while also decreasing maintenance costs. Thus, TPM, in particular 
participation of operators in developing quantitative approaches within RCM activities 
need to be investigated.  
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The conclusion of this analysis is the identification of an important gap in the current 
knowledge on the examine how the role of RCM (quantitative approach) supports 
successful implementation of TMP through participation of autonomous maintenance 
within power industry context and hence can lead to maintenance cost optimisation as 
well as successful implementation of TPM. Thus, Objective 5 in this research is:  
“OB 5. To examine how the role of Reliability Centred Maintenance (RCM) 
supports successful implementation of TMP based on selecting optimum 
maintenance interval and costs through utilising AI technologies”.  
 
The below Figure 3.2 shows a summary of important gaps in the existing knowledge in 
TPM implementation. These research gaps have not been addressed so far in the 
context of power industry and imply a lack of practical and empirical studies, either 














Developed by Author 
3.4 Initial Development of Operational Framework  
In this literature review section, the research summarises the critical common barriers 
and enablers that affecting TPM implementation and presents how change processes 
Figure 3. 2 Identifying Knowledge Gaps  
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can be implemented into a maintenance organisation. The researcher develops 
conceptual framework for TPM implementation in the context of power industry.   
3.4.1 Summarising Critical Common Obstacles affecting TPM 
Implementation 
According to the extensive and depth review of literature, several barriers affecting 
maintenance practices and TPM implementation were identified by scholars in the 
following Table 3.1. 
Table 3. 1 Summary of Critical Barriers Affecting Maintenance Practices and TPM 
Implementation 
 
No Barriers Key Authors 
1 
Lack of senior management 
support and commitment 
Prabowo et al. (2020); Munir et al. (2019); Jain et al. (2018); 
Hooi and Leong (2017); Piechnicki et al. (2015); Poduval et al. 
(2015); Attri et al. (2014); Griffin and Moorhead (2014); 
Paramasivam (2011); Alsyouf (2009); Ahuja and Khamba 
(2008a); Chan et al (2005); Park and Han (2001); Leflar 




Munir et al. (2019); Jain et al. (2018); Hooi and Leong (2017); 
Piechnicki et al. (2015); Poduval et al. (2015); Attri et al. 
(2014); Ahuja and Khamba (2008a); Lee Cooke (2000). 
3 
Lack of employee involvement, 
participation, and communication 
(Coordination and Cooperation) 
Prabowo et al. (2020); Munir et al. (2019); Jain et al. (2018); 
Hooi and Leong (2017); Poduval et al. (2015); Attri et al. 
(2014); Santandreu-Mascarell et al. (2013); Panneerselvam 
(2012); Baird et al. (2011); Arca and Prado (2008); Sun et al. 
(2003); Park and Han (2001). 
4 
Lack of rewards system 
(Motivation) 
Jain et al. (2018); Poduval et al. (2015); Attri et al. (2014); 
Ahuja and Khamba (2008a); Leflar (2001). 
5 Maintenance budgets (Financial) 
Prabowo et al. (2020); Munir et al. (2019); Jain et al. (2018); 
Poduval et al. (2015); Baglee and Knowles (2010); Ahuja and 
Khamba (2008a); Suzuki (1994) 
6 
Inadequate training and 
education (Knowledge and Skills) 
Prabowo et al. (2020); Munir et al. (2019); Jain et al. (2018); 
Hooi and Leong (2017); Poduval et al. (2015); Attri et al. 
(2014); Baglee and Knowles (2010); Ahuja and Khamba 
(2007); Chan et al (2005); Park and Han (2001); Suzuki1 
(994). 
7 Absence of CMMS system 
Jamkhaneh et al. (2018); Jain et al. (2018); Poduval et al. 
(2015); Panneerselvam (2012); Wireman (2004); Bohoris et al. 
(1995) 
8 Resistance to change (Cultural) 
Prabowo et al. (2020); Munir et al. (2019); Jain et al. (2018); 
Poduval et al. (2015); Attri et al. (2014); Griffin and Moorhead 
(2014); Aspinwall and Elgharib (2013); Panneerselvam (2012); 
Ahuja and Khamba (2008a&b); Hansson et al. (2003); Park 
and Han (2001); Tsang and Chan (2000); Lawrence (1999). 
9 Insufficient time 
Poduval et al. (2015); Attri et al. (2014); Baglee and Knowles 
(2010); Leflar (2001); 
10 
Lack of standard operating 
procedures (Operational) 
Jain et al. (2018); Poduval et al. (2015); Attri et al. (2014); 
Baglee and Knowles (2010); Ahuja and Khamba (2008a&b). 
11 
Non-clarity of maintenance 
organisational vision, mission, and 
policy about modern maintenance 
practices (Strategic Planning) 
Munir et al. (2019); McCarthy and Rich (2015); Attri et al. 
(2014); Baglee and Knowles (2010); Alsyouf (2009); Ahuja 
and Khamba (2008a&b); Chan et al. (2005); Bamber et al. 
(1999).  
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3.4.2 Summarising Critical Success Factors (CSFs) Improving TPM 
Implementation 
Various critical success factors affecting maintenance practices and TPM 
implementation were identified by academic researchers in the following Table 3.2. 




No CSFs Key Authors 
1 
Senior management support 
and commitment 
Prabowo et al. (2020); Munir et al. (2019); Jain et al. (2018); Hooi 
and Leong (2017); Piechnicki et al. (2015); Shaaban and Awni 
(2014); Attri et al. (2013b); Tyagi et al. (2013); Kodali et al. 
(2009); Ireland and Dale (2006); Park and Han (2001); Bamber et 
al. (1999); Nakajima (1988). 
2 Employee empowerment 
Munir et al. (2019); Jain et al. (2018); Hooi and Leong (2017); 
Piechnicki et al. (2015); Attri et al. (2013b); Kodali et al. (2009); 
Kelly (2006); Park and Han (2001); Lee Cook (2000); Ben-Daya 
(2000); Nakajima (1988). 
3 Training and education  
Jain et al. (2018); Hooi and Leong (2017); Piechnicki et al. (2015); 
Attri et al. (2013b); Tyagi et al. (2013); Panneerselvam (2012); 
Alsyouf (2009); Kodali et al. (2009); Ahuja and Khamba (2008a); 
Ireland and Dale (2006); Chan et al (2005); Sun et al. (2003); Park 
and Han (2001); Bamber et al. (1999); Nakajima (1988). 
4 Motivation and rewards 
Jain et al. (2018); Piechnicki et al. (2015); Attri et al. (2013b); 
Panneerselvam (2012); Kodali et al. (2009); Ahuja and Khamba 
(2008a); Park and Han (2001); Bamber et al. (1999); Lawrence 
(1999); Nakajima (1988). 
5 Culture change  
Munir et al. (2019); Hooi and Leong (2017); Piechnicki et al. 
(2015); Attri et al. (2013b); Panneerselvam (2012); Kodali et al. 
(2009); Ahuja and Khamba (2008a); Park and Han (2001) 
6 
Teamwork (Coordination and 
Cooperation) 
Jain et al. (2018); Hooi and Leong (2017); Piechnicki et al. (2015); 
Attri et al. (2013b); Santandreu-Mascarell et al. (2013); 
Panneerselvam (2012); Baird et al. (2011); Arca and Prado (2008); 
Sun et al. (2003); Park and Han (2001); Hartmann (2000); Bamber 
et al. (1999); Nakajima (1988). 
7 Effective communication  
Piechnicki et al. (2015); Panneerselvam (2012); Alsyouf (2009); 
Ahuja and Khamba (2008a); Park and Han (2001) 
8 
Development of maintenance 
methods (techniques such: 
FMEA, predictive 
maintenance, RCM elements, 
etc.) 
Prabowo et al. (2020); Braglia et al. (2019); Campbell and Reyes-
Picknell (2015); Baglee and Knowles (2010); Bamber et al. (2003); 
Davis (1997); Ben-Daya (2000); Nakajima (1988). 
9 
Development of maintenance 
strategy   
Campbell and Reyes-Picknell (2015); Piechnicki et al. (2015); 
Velmurugan and Dhingra (2015); Shaaban and Awni (2014); Attri 
et al. (2013b); Kodali et al. (2009); Kelly (2006). 
10 Financial aspects 
Munir et al. (2019); Poduval et al. (2015); Baglee and Knowles 
(2010); Ahuja and Khamba (2008a); Kelly (2006); Suzuki (1994). 
11 
Implement pilot project  
on model machines  
Chan et al. (2005); Willmott (1994a). 
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3.4.3 Implementing Change Processes into a Maintenance 
Organisation 
It is imperative to understand the optimal way to address any change, within 
organisations. Correspondingly, in an organisation for a successful implementation of 
the change processes, certain processes are necessary as outlined by several scholars 
(Senior and Swailes, 2016; Brown, 1998; Raymond, 2013; Campbell and Reyes-
Picknell, 2015): 
1st Step: An evident lacuna between the actual performance and the organisational 
performance objectives makes the change need apparent to then determine the actual 
change need. Thus, a close check by managers on the barriers averting the desired 
performance achievement and a critical situation analysis can alert management to the 
need. Change requires both human and technical input and therefore, understanding of 
change support, cultural barriers and requisite organisational culture modifications by 
managers is necessary. 
2nd Step: Post identification of the need, it is essential to isolate the barriers to change 
initiation. Consequently, organisation managers should be able to review and identify 
the various change barriers and determine the critical obstacles to change and those 
leading to change resistance at all the organisational levels. Harmonious and conducive 
industrial relations augment employee change acceptance (Raymond, 2013). Change 
processes, involving power or status changes, are accompanied by individual conflict 
and politicking to maintain or oust the status quo. Other powerful barriers to change 
include conventional strategies, existing culture, and current organisational structure. 
3rd Step: The barrier identification is followed by change introduction, which can be 
initiated and executed by external consultants or internal managers. The advantage 
with the internal team is the better people and business operations knowledge; 
however, they are limited by saturated and narrow outlooks towards change 
introduction. Alternatively, external consultants can bring in broader and politically 
neutral perspective to change introduction, though they lack in-depth organisation and 
people understanding (McCalman et al., 2016); thereby them encountering significant 
barriers in change introduction. Therefore, to address this issue, the majority of 
organisations employ a combined approach of integrated consultants and manager 
teams, to bring in both external expertise and independence with insider know-how.  
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4th Step:  Change introduction and implementation is followed by change evaluation in 
which change effectiveness measurement parameters are determined to compare the 
pre-and post- situational changes. These parameters to assess change effects may use 
indicators like job satisfaction, employee productivity, employee empowerment, and 
improved sales and lower assessment results highlight further change requirement.  
3.4.4 Developing the Initial Operational Framework 
The current research focuses on developing TPM implementation understanding, 
specific to power organisations and concurrently, the concept of change management 
warrants a considerable attention in the Abu Dhabi power organisations. Thus, the 
framework for change technique in the TPM strategy application in the power industry 
includes primarily the driving and restraining forces for implementing TPM. Likewise, 
the 'enablers', which are the TPM implementation driving forces include the eight 
pillars of TPM, CSFs for TPM implementation, prognostic techniques based on AI 
concepts, and RCM elements.  
These parameters are the key factors underpinning TPM implementation and can be 
seen in Table 3.2. Alternatively, the 'inhibitors', which are TPM implementation 
restraining forces, include challenges and obstacles faced by the organisations and can 
be seen in Table 3.1. Several scholars have identified and classified these TPM 
implementation obstacles (Poduval et al., 2015; Attri et al.; 2014). Similarly, Ahuja 
and Khamba (2008a), categorise the barriers into seven categories of behavioural, 
cultural, technological, operational, organisational, departmental, and financial 
barriers. With an inherent interaction of these elements during the change process, the 
initial framework is formalised.  
Thus, this operational framework contributes critically to achieving the current 
research aim and objectives; which is processed through conducting and in-depth 
elements investigation, specifically within the context of case study organisations. 
Correspondingly, in the power industry, the enablers and inhibitors faced by the TPM 
implementation and the consequent initial developed framework is presented in the 
Figure 3.3.  
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Figure 3. 3 Operational Framework for TPM Implementation in Power Organisations  
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3.5 Chapter Summary 
The expansive literature review is reflective of the wide consensus on the significant 
role of TPM in life cycle optimisation of industrial assets, which is achieved via an 
optimal TPM system implementation. Correspondingly, successful TPM 
implementation is governed by the contravention of managerial and technical barriers 
adversely affecting the process. This chapter details critical barriers and factors 
towards TPM implementation. Correspondingly, the literature review has highlighted 
the limited availability of definitive and conclusive evidence as regards the TPM 
implementation in power organisations. This, in turn, furthermore, justifies the aim and 
objectives of the current research. The author recommends further study of factors and 
mechanisms influencing TPM implementation towards an in-depth understanding of 
the associated benefits. The apparent and evidenced insufficiency of previous research 
and empirical evidence underpin this study’s objectives towards the development and 
enhancement of specific research areas. The current research study takes into account 
the lacuna highlighted through the literature review congruently with the theoretical 
framework development for this study, which in combination, structure the theoretical 
basis of the current research. These aspects will further direct the researcher in the 
selection of ideal approach, design, techniques and methods of the research 
methodology to successfully realise the study objectives.  
The subsequent chapter presents the research methodology and techniques towards 
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4.1 Introduction  
The chapter elaborates on the design, process of selection and methodology adopted 
for this research study. It aims at identifying pertinent and suitable methodology to 
answer the research questions and attain this research’s aim/objectives. To that end, 
thorough discussions along with a reasonable justification of the selected methods will 
be undertaken in the following sections. 
4.1.1 Definition of Research   
According to Longman Dictionary of Contemporary English, research refers to the 
studious examination of a subject that is aimed at discovering new facts, concepts, or 
test new idea about a topic which appeals to someone.  This implies that scholars and 
researchers utilise several paradigms of research to navigate the path of knowledge 
acquisition (Collis and Hussey, 2013). Hence, research methodology is essentially the 
process of going about undertaking research. This commences with identifying a 
problem and the nature of phenomenon to be studied.  
4.1.2 The Research Onion   
Before commencing a research study, most scholars will commence conceptualising 
about research methodology through a careful consideration of whether it entails a 
questionnaire or an interview; these questions form part of the research onion designed 
by Saunders et al. (2019) where they elaborated on the process. They point out that 
prior to narrowing down the choice of data collection methods, there are a number of 
critical layers which should first be investigated. This research onion is illustrated by 
the following Figure 4.1. 
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 Source: (Saunders et al., 2019) 
 
4.2 Research Philosophy   
Research philosophy is essentially the development of framework, background, nature 
and knowledge of research; it guides researchers when collected, utilised, and analysed 
data about a given phenomenon (Saunders et al., 2019). They clarify that research 
philosophy has an essential beliefs with regard to the manner in which researchers see 
the world around them. These beliefs will lead and enhance the choice of research 
strategy and methods based on the research onion. The researcher required to identify 
the hidden and encrypted philosophical consideration, which affects the rationale 
behind the research and influences both data collection and data analysis (Creswell, 
2014). By deciphering the underling research philosophy, the researcher is in a better 
position to understand all research procedures and mechanisms that are required to be 
undertaken whilst also identifying an appropriate research design to meet the overall 
objectives and aim and of study and hence, answer questions of research (Easterby-
Smith et al., 2015). As per Collis and Hussey (2013), the key issue is about ensuring 
the capability of researchers in justifying their underlying philosophical selections.  
Figure 4. 1 The Research Onion                                                                                                 
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According to Collis and Hussey (2013), "paradigm" means the progression of 
scientific practices enmeshed in  assumptions and philosophies about nature and type 
of knowledge and the world; They opined that the adoption of a paradigm primarily 
impacted by the overarching paradigm within that research area as well as the problem 
being investigated. As per Saunders et al. (2019), pragmatism debates that the research 
question assumes great significance when it comes to the adopted research philosophy, 
given that one approach could be deemed more suitable compared with other 
approaches to answer a particular question. Therefore, this paradigm signifies a key 
concept in the parlance of research procedure given that it can be implemented across 
all types of studies.  
As per Saunders et al. (2019), the three key ways of approaching and thinking about 
research philosophy include ontology, axiology and epistemology. To begin with, 
Axiology is “a research assumption that studies judgements about value”; researchers 
can articulate their opinions as a basis for arriving at sound decisions about the type of 
research being conducted. Ontology meanwhile is about making philosophical 
assumptions concerning the essence of reality through an individual’s interpretation 
about establishes a fact (Easterby-Smith et al., 2015); this raises the number of 
questions researchers have with regard to how this world functions at large as well as 
the obligations towards specific views. Ontology features two aspects: objectivism that 
defines the presence of a phenomenon independently, separated from involved humans 
in the social world (Bryman, 2016). Conversely, the section aspect is that of 
constructivism or subjectivism, implying that this phenomenon occurs based on the 
perception of social group of actors (Saunders et al., 2019). This specifies that the 
scholar is involved in the study through adding thought and meaning to that area of 
research (Bryman, 2016). Furthermore, Epistemology is defined as an assumption 
about what is acceptable knowledge within a particular arena of study. It is also the 
theory of knowledge, particularly with reference to its scope, validity, limits and 
methods, and the distinction between opinion and justified belief (Saunders et al., 
2019). Researchers are required to understand the three characteristics and contours of 
epistemology: justification, belief and truth. Conversely, Positivism specifies that 
reality, truth, fact, and  knowledge are independent as well free from the observer or 
researcher and do not get affected by its assessment or examination, which seeks to 
reveal theory based on empirical study (Collis and Hussey, 2013). In other words, both 
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the topic of study and researcher are independent and do not affect each other 
(Bryman, 2016). Collis and Hussey (2013) argued that positivism entails the 
development and collection of reliable and valid facts evaluated statistically to derive 
explanations concerning the functioning of the world. As per Saunders et al. (2019), 
the paradigm of positivism is highly structured and makes use of numerical analysis. 
This analysis is congruous with the findings of Collis and Hussey (2013), who opined 
that theory can be measured and that positivism is closely associated with quantitative 
research. Furthermore, Realism is another position related to epistemology 
(development of knowledge) pertaining to the scientific approach assumption. The 
principle of realism is that the reality in the form of truth senses are independent from 
the human thoughts (Saunders et al., 2019). Different research types are based on 
varying conceptions of the nature of science. The relationship between epistemological 
and ontological considerations - quantitative and qualitative research can be subsumed 
to create two distinct sets of research paradigms or strategies (Bryman, 2016). 
Conversely, authors classify this process or strategy under two primary paradigms or 
frameworks (Collis and Hussey, 2013; Easterby-Smith et al., 2015; and Bryman, 
2016).  
On the other hand, Interpretivism whose origins are attributed to the inability of 
positivism to deal with the needs highlighted by social scientists, is underpinned by 
assumptions that people’s perceptions form social reality, which is why it remains 
subjective; furthermore this also prevents researchers from separating them from what 
they are researching about (Collis and Hussey, 2013; Creswell, 2014; and Easterby-
Smith et al., 2015). Interpretivism as per Saunders et al. (2019) is a part of 
epistemology that is significant for scholars to recognise how persons differ in their 
responsibility as well as roles as social actors. Authors like Collis and Hussey (2013), 
and Easterby-Smith et al. (2015) have indicated that unlike positivism, which bases 
findings from quantitative data analysis, interpretivism research results are determined 
through qualitative data analysis since they are keen to understand the meaning, 
situation, and what is happening; the positivist is primarily concerned with the 
quantification/numbers in data analysis and collection, which sticks to facts. Table 4.1 
illustrates the key attributes between two prime paradigms. 
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Table 4. 1 Key Attributes between Two Major Paradigms                                                                
Adopted from Collis and Hussey (2013); Easterby-Smith et al. (2015) 
 
On the other hand, Pragmatism supports the use of mixed-methods by blending 
qualitative and quantitative research designs, which was widely used in the 1980s.  
These two approaches were combined in the 1990s, but in different phases of the study 
process (Morgan, 2007). The external reality was something that pragmatists accepted; 
they also considered the affecting aspect of the values and beliefs in explaining results 
(Creswell, 2014). Conversely, they supported dual viewpoints: subjective and 
objective and conceded that it could be possible for research to be impacted by 
multiple assumptions, theories observations, proofs and truths (Johnson and 
Onwuegbuzie, 2004). Moreover, pragmatists have frequently used deductive and 
inductive paradigms in their selection of interpretations that were better than 
previously preferred methods; they also blended appropriate writing styles by using 
personal and impersonal voices in research processes (Tashakkori and Teddlie, 1998).  
Furthermore, pragmatics postulated that quantitative and qualitative approaches are 
neither incompatible nor substitutable. In addition, pragmatists justified that this does 
not prevent the merger of these two approaches in the research design. Pragmatists 
Point of Comparison Positivistic Paradigm Phenomenological Paradigm 
View of the world 
The world is objective and 
external 
The world is subjective and 
socially constructed 
Role of the observer Observer is independent 
Observer is part of what is being 
observed 
Nature of science Science is value free Driven by interest in humans 
Aims 
Concerned with hypothesis testing 
(deductive) 
Concerned with generating 
theories (inductive) 
Type of data produced Generate quantitative data Generate qualitative data 
Sample size Uses large samples Utilises small samples 
Nature of data 
Objective as well as extremely  
precise and specific 
Subjective as well as rich 
Location Artificial Natural 
Reliability High Low 
Validity Low High 
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emphasised that dummy separation among the two approaches ensues, whereas 
scholars are supposed to ensure the best utilisations of both these paradigms to 
understand research problems better (Shepherd and Challenger, 2013; Reichardt and 
Rallis, 1994).  
Therefore, the researcher considers that this research follows pragmatism as a research 
philosophy to get advantage and benefit of employing this paradigm as he trusts and 
has belief about its principles aforementioned, and based on the nature of research 
questions of this study that need to be answered through both main paradigms. 
Additionally, since the pragmatism combines both qualitative and quantitative methods 
in carrying out research which reduces possibilities of adopting weaknesses of other 
aforementioned paradigms.     
4.3 Research Approaches  
Based on the reasons for adoption, there are three categories of approaches include: 1) 
deductive: this means that the research study begins with theories based on the review 
of previous studies and the purpose of this approach to test these theories statistically; 
2) inductive: here, research begins with collecting information to investigate a 
phenomenon and subsequently build a conceptual research model or develop new 
theory on the basis of the research’s findings; and 3) abductive: this combines the two 
aforementioned approaches to discover a phenomena, adjust an existing theory or build 
a new theory, and test the reliability, validity and P-value significance of that theory 
using additional numeric data (Saunders et al., 2019). This research makes use of the 
abductive approach given that it fits into the research aim and objectives by exploring 
and investigating critical factors that affect successful implementation of a TPM 
programme in the Abu Dhabi power industry environment, and then building a theory 
based on this exploratory research findings. 
4.3.1 Adopted Research Approach: A Critique 
Creswell (2014) argued that the mixed methods paradigm is the leading paradigm as a 
research design. According to Leech and Onwuegbuzie (2009), the issue of selecting 
between different research approaches has been dichotomous in that quantitative 
design (deductive) or qualitative design (inductive) were the only two options on hand. 
Yet, there exists another feasible choice - mixed methods research - a combination of 
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qualitative as well as quantitative approaches. Since this method is in its adolescent 
phases, it is relatively unknown and unclear to many researchers. Its fast growth 
caused it to be recommended by Creswell (2014). Nevertheless, Leech and 
Onwuegbuzie (2009) observed that there are many unresolved issues plaguing the 
mixed method before a more matured research area emerges. These issues pertain to 
research design through mixing dimensions (partially or fully mixed methods), time 
orientation dimension (concurrent or sequential) and emphasis of approaches 
dimension (equal or dominant status).Thus, Leech and Onwuegbuzie (2009) developed 
an integrated typology of mixed methods designs to overcome any challenges 
associated with these three dimensions. 
4.3.2 Justifying Adopted Research Approach   
Mixed methods are especially useful when the scholar is required to both explain and 
explore, and when either deductive or inductive methods alone seem inadequate and 
insufficient in many social studies to address the intricacy of research questions and 
overarching topics (Creswell, 2014). Thus, these mixed methods are utilised when the 
aim and objectives of research demand their utility. They use the strengths of one 
method to improve the performance of another (Bronstein and Kovacs, 2013; 
Creswell, 2014). Padgett (2008) identifies three reasons for undertaking mixed 
methods studies: (1) Triangulation-comparisons to pave the way for corroboration; (2) 
Complementarity-to clarify or enhance; and (3) Expansion-a theoretical understanding 
can be obtained by juxtaposing these two opposing perspectives. Easterby-Smith et al. 
(2015) identify four triangulation types: Theoretical triangulation, where a theory from 
one discipline is used to explain a scenario and condition in another discipline; Data 
triangulation, wherein data is collected from different sources and different times in 
the research study; triangulation by investigators whereby researchers individually and 
separately gather data relating to the same phenomenon and then make a comparison 
of the results; and methodological triangulation, which used both methods (qualitative 
and quantitative) of data collection. Furthermore, Leech and Onwuegbuzie (2009) 
debate that researchers who carried out good mixed methods articulate reasons and 
provide the justification for their selection of these mixed methods, as well they 
explain how these approaches enhance the research study.  
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In light of the nature of research questions involved in the current study, abductive 
approach is deemed as the suitable choice, where inductive (qualitative) utilises 
primary data to develop a new theory or build a conceptual research model, and 
deductive (quantitative) is utilised numeric data to test the theoretical model that 
includes new theory. This approach will allow the researcher to undertake in-depth 
exploratory analysis of the context behind Abu Dhabi power organisations to explore 
and investigate the critical factors affecting successful implementation of TPM. This 
approach is advocated as a good method to provide insightful findings, and 
recommendations, having got support from Creswell, (2014); Easterby-Smith et al. 
(2015) and Bryman (2016). 
4.4 Research Design of Mixed Methods  
The researcher adopts a research design as a procedural strategy to attain the research 
aim and objectives as well as answer research questions correctly (Bryman, 2016). It 
includes all the research assumptions as well as data collection/analysis methods that 
collectively constitute the inquiry procedures. Notably, it is possible for this inquiry to 
be quantitative, qualitative, or a combination of the two (Collis and Hussey, 2013). 
Typically, quantitative research is linked with positivism, especially when utilised in 
the context of highly structured techniques of data collection. Generally, it is also 
linked to the approach of deductive, when the aim is to test a conceptual model 
(develop new theory) through numeric data. Its different strategies include survey and 
experimental research; survey strategies are generally managed through structured 
interviews or questionnaires (Saunders et al., 2019). On the other hand, qualitative 
research is typically linked to interpretivism, particularly when the researcher wants to 
recognise the underlying meaning of socially built, subjective phenomenon. Notably, it 
is connected with an inductive approach and used in scenarios where previous 
researchers have not shed much light on the research problem and do not describe the 
questions of research totally (Easterby-Smith et al., 2015). 
As mentioned above, mixed methods generally involve an integration of the two 
aforementioned research methodologies to develop a better understanding of research 
problems and provide more evidence through the better argument (Tashakkori and 
Teddlie, 1998). Mixed methods are particularly useful because they have the potential 
to surmount the weaknesses of both quantitative and qualitative research. This assumes 
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significance as it has been a long debate between scholars in the literature about 
qualitative research that sometimes is plagued with the researcher biases stemming 
from an inadequate analysis and interpretation of data and when experiencing trouble 
in listening to the voice of respondents. Similarly, qualitative research is also 
ineffective and incompetent because the existence of researchers’ personal 
interpretations and biases, which restricts its ability to generalize the results. However, 
many authors in literature (e.g. Fielding, 2020; McGregor and Murnane, 2010) argued 
that qualitative research can reveal unexpected or unknown things about the social 
world (searching for power and/or meanings in specific social contexts and cultural) 
often lacking in quantitative research. The ability of qualitative research is to reflect 
the real value when applied to real problems. In addition, qualitative studies strive to 
achieve the criteria of trust-worthiness rather than unbiased criteria. They attempt to 
attain confirmability (instead of objectivity), dependability (instead of reliability), 
transferability (instead of external validity) and credibility (instead of internal 
validity). Bergen and Labonté (2020) presented strategies to limit or avoid bias within 
qualitative research through adopting techniques for asking questions, establishing 
rapport, introducing the study and conducting pre-field training to collect the right data 
easily. Furthermore, mixed methods enable the researcher to use many data collection 
tools, which is often not possible in the case of using only the quantitative or 
qualitative methods (Leech and Onwuegbuzie, 2009; Creswell, 2014).  
Myriad designs of mixed methods research have been conceptualised over recent 
years. Owing to the plethora of available options of designs, it sometimes becomes 
difficult to select the best design among them, thus necessitating a typology of blended 
methods designs (Leech and Onwuegbuzie, 2009). To that end, Creswell (2014) 
suggested three key designs: explanatory sequential design, convergent parallel design 
and exploratory sequential design (Figure 4.2). The convergent parallel mixed method 
is the most common component of mixed methods strategies. Researchers who are 
new to mixed methods generally look at this approach since they often open that mixed 
methods only includes the combination of qualitative and quantitative data. Here, a 
researcher gathers quantitative as well as qualitative data, analyses them 
independently, and compares findings to ascertain whether or not these findings 
confirm each other. 
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Source: (Creswell, 2014) 
  
The approach of explanatory sequential mixed methods appeals to those who have a 
strong background in quantitative research or those who are not entirely familiar with 
qualitative approaches. It typically entails a two-step project wherein the researcher 
collects quantitative data, analyses the results, and uses them to plan or complement 
the qualitative phase. In this case, the used sample in the quantitative phase must not 
be different from the sample used in the case of qualitative phase, so as to analyse the 
quantitative results in greater depth. One of the biggest strengths of this design is its 
ability to explain the mechanism, and the manner in which variables interact with each 
other. 
Meanwhile in case of an exploratory sequential mixed method, the researcher first 
explores using qualitative data analysis and uses results in the quantitative phase. The 
aim of this design is to generate improved measurements using specific population 
samples to discover if it is possible to generalise the data sourced from some 
individuals (qualitative phase) generalised to a bigger-sized sample (quantitative 
phase). However, it must be pointed out that the best way is to draw both the samples 
from the same sample of population whilst ensuring that the people involved in both 
samples are different from each other. The researcher analyses both databases 
Figure 4. 2 Three Basic Mixed Methods Designs                                                                            
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independently and makes use of findings from the exploratory database to develop and 
shape into quantitative variables and measures without comparing the two samples 
since they involve different individuals. 
In line with the nature of research, the researcher makes use of exploratory sequential 
mixed methods design. According to Creswell (2014), it is more suitable for the 
researcher to use designs that start with qualitative methods whilst exploring a 
phenomenon, tracking unknown variables or developing new instruments; in this case, 
qualitative findings become the guide to develop quantitative instruments.  
4.5 Nature of Research  
Saunders et al. (2019) elaborated on the three types of research: descriptive, 
exploratory and explanatory. In the case of descriptive research, it is important to 
develop a clearer picture of the situation one aims to collect data for before actually 
beginning the process of collecting data. It accurately defines the profile of persons, 
events or situations and hence, must be deemed as a guide for enhancing the efficacy 
of research and drawing meaningful conclusions.  
In explanatory research, the endeavour is to provide an explanation of phenomena and 
clarify why and how a relationship arises between two or more elements of a situation 
that are related to the phenomena. It also enriches the theories’ explanation by 
providing reasons and justification behind a specific theory, therefore it has the ability 
to answer questions that involve “Why”. Explanatory research typically makes use of 
quantitative data to validate the relationships between variables utilising analysis of 
correlation for instance, or qualitative data to explain the underlying reasons (Bryman, 
2016). In the case of explanatory research, the data is basically quantitative. 
Meanwhile exploratory research is helpful in investigating about unknown areas or 
little known aspects of research. It discovers what is currently happening and seeks 
new ways of understanding. It is particularly useful to understand a given problem, 
which explains its efficacy in analysing case studies, literature reviews, focus group 
discussions or interviews (Easterby-Smith et al., 2015).  
For this research, an extensive literature review was conducted by the researcher using 
semi-structured interviews with top and middle management in the Abu Dhabi power 
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organisations; this study will essentially be exploratory due to the lack of research 
when it comes to the implementation of TPM in the power industry and the research 
model’s impact within the Gulf region, in this case the UAE. Thus, the current research 
aims to investigate critical factors that affecting TPM implementation in the Abu 
Dhabi power industry environment.  
4.6 Research Strategy  
Research strategies need to be selected on the basis of each research situation, as per 
Yin (2014). Each strategy entails its own identifiable approach for gathering and 
analysing information, which means that all of them have their own advantages and 
disadvantages. Despite there are unique features for each strategy, there are 
overlapping areas which makes things more complicated when it comes to selecting 
the most suitable strategy. To avoid the misalignment between the chosen strategy and 
the desired outcome, Saunders et al. (2019) pointed out that the type of questions, 
actual behavioural constructs as well as the intensity of focus on existing or past events 
facilitate the most suitable strategy selection.  
The most generic research strategies are illustrated with regard to their relation to this 
research work in the following sub-sections. 
4.6.1 The Experimental Strategy 
Experiments are generally associated with the natural sciences, although they are often 
used in the realm of social science research. This strategy aims to identify the links 
between variables. Experiments involve sample selection from known populations as 
well as the ability to control other variables whilst conducting measurements on a 
smaller number of variables. It is primarily used to understand the relationship 
between two distinct variables, one of which is an independent variable (IV) that is not 
under the investigator’s control, whereas the other one is the dependent variable (DV) 
that goes beyond the control of the investigator (Saunders et al., 2019). 
In this research, experimental strategy was found to be difficult due to the research 
questions’ exploratory nature. However, the relationship between 
operations/participation levels and some variables has been investigated in this thesis 
using modelling of historical data that involve failure data and maintenance costs of 
critical power assets (power transformers) through simulation strategy.  
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4.6.2 The Survey Strategy 
Survey strategy remains one of the most critical strategies in this research work and 
aims to generate general conclusions about the population by gathering information 
from respondents or samples, according to Collis and Hussey (2013). Survey may 
intend to describe population characteristics or test explanatory theories using 
correlation analyses which are congruous with the experiment strategy. Survey 
strategies generally include interviews, questionnaires, structured observation as well 
as the analysis of official statistical reports. This strategy appears to be ideally suitable 
for the questions as well as aim and objectives of this research study, specifically in 
identifying the characteristics of Abu Dhabi maintenance practices and organisational 
culture that affect TPM implementation in the power industry where the researcher felt 
the best way to achieve this would be through conducting a survey of current 
maintenance practices as well as organisational culture factors in subsidiaries of 
Department of Energy in Abu Dhabi. Further details and analysis will be defined about 
this selected strategy in the following sections. 
4.6.3 Case Study Strategy 
This strategy aims to examine just one instance of a generic class of phenomena to 
generate a rich understanding, as per Creswell (2014) and Bryman (2016). Based on its 
aim, this strategy generally means engaging in a variety of research methods such as 
questionnaire, interviews, observation and analysis of official reports within 
organisation’s records. Several case studies that examine multiple sites are likely to 
reach more generalisable conclusions as compared to those outlined in one case. 
Additionally, multiple case studies are becoming increasingly prevalent despite being 
more costly and taking long time to conduct it; hence, any usage of multiple-case 
designs need to follow a replication, as opposed to a sampling, logic, which is why 
investigators need to select each case (Yin, 2014).  
Bakri et al. (2014a) review the common research design conducted in the literature 
(between 1992 and 2012) to investigate the different aspects in implementation of 
TPM. This short review revealed that the approach of case study is utilised widely by 
researchers as the most favored research design. They exposed that a case study 
approach has 56.3% from overall research design that employed to investigate several 
issues in TPM. In this study, several case studies are used to explore current 
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maintenance practices and actual cultural and human factors specific to the Abu Dhabi 
power organisational culture that might affect TPM implementation as well as the 
strategies employed to overcome these barriers, thus demonstrating the success factors 
for TPM implementation in the context of Abu Dhabi power industry.  
4.6.4 The Ethnography Strategy 
This strategy also known as ‘field study’, the purpose of ethnography is to shed light 
on the participants’ social behaviour, according to Bryman (2016) and Collis and 
Hussey (2013). Ethnography aims to understand elements of human behaviour by 
observing the participants directly; in some cases, interviews and questionnaires can 
also be used. Most commonly long-term participant observation, informal interviewing 
and qualitative analyses are used in this strategy. In this research work, the author has 
worked in one of the power plants where ethnography was used as the initial method to 
evaluate the situation in the company, particularly in relation to identifying some of the 
organisational behaviours and cultural issues that could affect the TPM 
implementation within the company. The researcher utilised participant observation 
(complete observer) over one power distribution organisation due to its big electricity 
network across Abu Dhabi and its high number of field operative staff. This 
observation was unstructured and informal through a descriptive observation process 
in unscheduled events. The researcher visited several power distribution substations to 
observe technical and cultural factors that could affect optimum maintenance. This 
initial analysis using a qualitative approach helped the researcher to embrace cultural 
parameters, critical technical and culture factors (like commitment of senior 
management towards continuous improvements in maintenance and asset 
management) and how maintenance activities are organised, performed and prioritised. 
The researcher identified six power plants (within one power distribution organisation) 
to conduct participant observation and spent one week to observe each power plant 
with field staff (technicians, operators and maintenance engineers). The researcher was 
completely hidden from view (seeking University ethical approval) while observing 
operations and maintenance practices by operators and maintenance engineers in 
power plants. The observation across different power substations is unknown and 
unobtrusive to participants. The researcher was conscious of experiences, values, 
ethics and biases he brings to the qualitative study. Thus, he utilised reflexivity process 
during observation to avoid or limit any bias and enhance the trustworthiness of the 
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findings. The researcher verified the findings of participant observation through asking 
the same observed employees at different times (six months after first meeting) about 
the critical technical and cultural factors that have identified during participant 
observation activities. Most employees confirmed that the findings are consistent and 
accurate. This process is part of quality checklist through utilising critical appraisal 
skill tools. Furthermore, the researcher triangulated participant observation with other 
methods (document analysis and interviews) to provide more generalisable 
conclusions and confirm the consistency of findings (Yin, 2014). 
4.6.5 The Action Research Strategy 
The action research strategy endeavours to bring about changes in practices, such as 
production environments, and develop knowledge from those modified processes (Yin, 
2014). It thus needs strong collaboration between the organisation and the researcher 
to introduce the change whilst monitoring the impact of this change. However, the 
drawback of this strategy is that it needs a high level of commitment from the 
organisation where the research is to be conducted; it also needs monitoring progress 
over a prolonged period for the conclusions to be useful. Action research strategy was 
found to be challenging in this research work due to these reasons: 
 
 This strategy needs significant time to monitor progress after the introduction of 
new solutions, which is not feasible in case of a PhD thesis; 
 
 The need for immediate financial contribution from subsidiaries of ADPower in 
Abu Dhabi to implement ideas, develop possible training courses or technical 
solutions; 
 
 The commitment on the part of the majority of staff at all levels within a short 
period of time; 
 
 Power supply is a continuous process, and any introduced changes will take 
considerable amount of time for results to be validated and reliable for reporting. 
 
Identifying real problems and suggesting viable solutions remain the most important 
objectives for this type of research work. Thus, the researcher utilised statistical 
simulation to study the operational process for critical power plants. 
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4.6.6 Simulation Strategy 
Stochastic simulation could be deemed as a part of action research strategy in some 
cases. However, according to Rosmulder et al. (2011), the notion of using computer 
simulation for the purpose of facilitating action research has not been reported 
extensively in the literature as it is relatively new. Moreover, the simulation of 
maintenance systems according to the researcher’s viewpoint, is a mix of action 
research and experimental strategy. Experimenting with this in real maintenance 
practices concerning power assets could be an unpractical process, time consuming, 
expensive or disruptive. However, it is possible for computer simulation to make use 
of existing statistical data to provide accurate decisions for asset managers in 
undertaking maintenance activities and comparing the findings of real operation 
systems without disrupting the actual power industry process. Labib (1999), elaborated 
that a fully automated condition monitoring system that tracks faults and presents data 
as reports and graphs, could be inappropriate in case the information is not accurate or 
is not adequately used for data analysis and decision making. 
This research work uses maintenance optimisation models (simulation and modeling) 
for modelling historical data of critical power plants and hence assess the novel 
methods of operator’s involvement in maintenance activities within the power 
industry. 
4.7 Research Time Horizon  
The time horizon is a key question researchers are required to ask when referring to the 
completion of the research either as a “snapshot” that is taken a specific time or “a 
diary” that represents events over a period in time (Saunders et al., 2019). The 
snapshot approach is linked with cross-sectional studies whereas the longitudinal 
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Table 4. 2 Comparison of Cross-sectional and Longitudinal Studies 
Adopted from Saunders et al. (2019) 
 
This research study employed a cross-sectional study demonstrating a snapshot of 
critical barriers that affect TPM implementation in the Abu Dhabi power industry 
environment. 
4.8 Instruments and Techniques for Data Collection  
Selecting the appropriate research instruments for data collection signifies a major 
component of the research design phase. Data collection includes two steps: design 
data collection tool and collecting the actual data (Bryman, 2016; Collis and Hussey, 
2013). Development of research protocol for data gathering is required by researchers 
to optimise the data validity and reliability. Yin (2014) argued that a research protocol 
is not merely important for research instruments; it also contains the general rules and 
procedures which must be followed while using this instrument. It aims to guide the 
investigator in effectively conducting the research. While there are many data 
collection instruments, the researcher shall discuss only relevant sources for this 
research. 
4.8.1 Interviewing 
 Interviews are one of the most exemplary methods of collecting data; it entails a 
conversation that is undertaken between at least two individuals. It is possible to 
undertake interviews face-to-face, telephone or video conferencing. The interviewer 
here gathers valid and reliable data pertaining to the aim, objectives, and questions of 
the research. Meanwhile interviewers can select the format of questioning in any 
manner that they deem fit, as well as the process of asking questions; they can be 
flexible in the absence of a restriction on question either the format or order of 
questions (Creswell, 2014). The interviewer needs to inform the interviewee about the 
study’s aim and reassure his/her about the confidentiality of information. Moreover, 
Studies of Cross-sectional Longitudinal Studies 
This type of studies comprise the study of a 
specific phenomenon at a specific time. 
Often, use strategy of survey, however may 
also use qualitative methods. 
Have the capacity to study change and 
development. Generate massive amounts of 
rich data and basically answer the question: 
“Has there been any change or modification 
over a time period?” 
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the interviewer needs to avoid the researcher’s bias when taking the interview (Collis 
and Hussey, 2013). Furthermore, categories of interview strategy are explained by 





Source: (Cohen et al., 2017) 
 
 
Structured Interview: also known as quantitative research interviews, it refers to 
written questions that are asked by the interviewer in a face-to-face conversation, on 
the telephone or any other contemporary communication methods. This can include 
closed ended or open ended questions. Here, the interviewer needs to follow the exact 
sequence of questioning outlined in the list of questions during getting the responses 
recorded. This method is helpful in collecting uniform and quantifiable data (Cohen et 
al., 2017; Bryman, 2016; Saunders et al., 2019).  
Unstructured interview: here, the interviewer does not need to refer to a particular 
list of questions. It is possible for the interviewers to come up with spontaneous 
questions; this implies that they need to possess, skills, rich knowledge or at least have 
clear idea about the topic. This method enables the interviewees to freely express their 
opinion or behaviour pertaining to the topic on hand (Cohen et al., 2017; Collis and 
Hussey, 2013). 
 
Semi-structured interview: here, the interviewers have a list of questions which they 
are in full charge of; they decide whether to follow the sequence of following a 
question or going with the flow of the conversation that is taking place. The 
interviewer also has the option of asking additional questions based on the significant 
answers of interviewee (Saunders et al., 2019). Table 4.3 is summarised the advantages 
and disadvantages of interview instrument. 
Figure 4. 3 Types of Interviewees                                                                                                
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Table 4. 3 Summary of Interview’s Advantages and Disadvantages 
Adopted from Sources (Bryman, 2016; Saunders et al., 2019) 
 
Semi-structured interviews are utilised in this research work to get rich data and hence 
develop better measurements with specific samples of populations that can be designed 
for questionnaire. 
4.8.2 Questionnaire 
The questionnaire is an efficient method that empowers researchers to acquire 
information about particular areas of interest.  This typically includes a series of 
questions that are asked for the purpose of collecting data from participants; this 
information is subsequently assessed in a statistical manner. It is important for the 
questions to be simple to decipher and the participants should be able to read and 
understand the questions easily (Bryman, 2016; Saunders et al., 2019). Advantages and 













 Propose is focusing and 
concentrating directly on 
the specific research area 
and theme. 
 




 Effective for collecting 
rich data. 
 
 Opportunity for 
clarifying 
misunderstandings.  




 Response bias 
imprecisions because 
of bad recall. 
 
 Interviewee provides 
what researcher needs 
to listen and hear.  
 
 Interviewing and 






 Reliability and 
validity tests 
conducted to 
guarantee results.  
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Table 4. 4 Advantages and Disadvantages of Questionnaire Instruments 
Adopted from Sources (Bryman, 2016; Saunders et al., 2019) 
 
4.8.2.1 Questionnaire Design 
Rresearchers need to carefully design the questions and ensure that they yield accurate 
information. These questions must be clear and unbiased; moreover they should 
sustain the respondent’s interest and motivation levels (Kumar, 2014; Saunders et al., 
2019). The questionnaire meanwhile should be short, whereas the designer need to 
commence with generic questions and information of background before exploring the 
key interest areas (Collis and Hussey, 2013). Design of the questionnaire must address 
the research aim/objectives and ensure correct data collection. According to Creswell 
(2014), researchers who undertake the task of designing questionnaires need to: 
 
 Adopt the questions utilised in previous similar questionnaires. 
 Develop and build their own set of questions. 
 
The researcher has used a mixture of both approaches. 
4.8.2.2 Question Types 
The survey of questionnaire entails two types of questions: 
Open-ended questions make it easier for the researcher since there are no predefined 
responses expected by the interviewer, which then enables the respondents to express 
their answers freely and openly; therefore they may end up giving good amount of 
information, thoughts as well as ideas. However, it has been pointed out that many 







 Time efficient. 
 
 Opportunity for 
quantifying responses. 
 
 Free from the bias of 
responses. 
 
 Low cost data collecting 
method.  




 Lack of in-depth data 
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participants prepared to spend massive amounts of effort in getting the questions 
answered (Kumar, 2014; Saunders et al., 2019; Farrell et al., 2016). 
Closed questions signify the most frequently used methodology in a study, which 
allows respondents to tick from the possible list of answers shared by the interviewee. 
Closed-ended question and/or answers can be coded and assessed in a quantitative 
manner (Farrell et al., 2016; Saunders et al., 2019; Kumar, 2014). 
4.8.2.3 Questionnaire Administration 
These are different techniques of administering the questionnaire: 
Mailed questionnaire: here, the questionnaire is sent to the participants via post; this 
means that the researcher needs to access their addresses. Moreover, there is a web-
based questionnaire design which can also be undertaken by dispatching 
questionnaires electronically through email. The mailed questionnaire should contain a 
cover letter explaining the purpose, scope and benefits of the research and also the 
manner in which data collection would be utilised. However, these questionnaires 
generally produce low response rates (Kumar, 2014). 
Collective questionnaire:  in this case, the questionnaires are generally given to the 
participants by hand and are collected at a later stage. This approach tends to yield a 
better response rate since it easier to talk about the purpose as well as significance of 
the research study personally (Kumar, 2014). The researcher used this technique for 
the questionnaire data collection. 
4.8.3 Documentation 
Documentation includes companies’ annual reports as well as other internal documents 
which could involve auditing, maintenance polices and financial reports. The usage 
includes verifying the smallest of details, verifying information from extraneous 
sources, and paving the way for further probe through meaningful inferences. 
Documents must also be examined critically as the data source is not free from bias 
and may not contain the absolute truth (Yin, 2014).  The advantages and shortcomings 
of documentation instruments are illustrated in Table 4.5. 
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Table 4. 5 Advantages and Shortcomings of Documentation Instruments               
Adopted from Sources (Bryman, 2016; Yin, 2014) 
 
In this study, the researcher used various documentation from three case studies power 
companies (generation, transmission and distribution). He reviewed different 
documentation that involves maintenance policy, asset replacement strategy, asset 
management procedures, audit reports (internal and external) of operation and 
maintenance activities, power plants failure analysis reports and performance reports 
of power networks (monthly and yearly) to investigate the critical barriers (operational 
and cultural) that could affect TPM implementation across power plants in Abu Dhabi.   
4.8.4 Simulation  
Availability Workbench (AWB) software was necessitated in this study. This software 
utilises Monte Carlo Simulation. RCM tools such FMECA built within the software to 
optimise PM activities of the critical components of power plants such as power 
transformers as well as improves maintenance costs. This simulation approach would 
facilitate the participation of autonomous maintenance and hence lead to successful 
implementation of TPM in the power industry. More details about the processes of 
implementing this software will be discussed in the following sections of this chapter.   
ReliaSoft's Weibull++ software was used in this study to predict the potential failure 
time of power transformer’s paper insulations. Predicting failure times of critical 
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autonomous maintenance participation and hence lead to the successful 
implementation of a TPM strategy. The conducting simulation (modelling) approach is 
attributed to the fact that it facilitates the development of a solution by the researcher, 
thereby paving the way for the participation of autonomous operators in maintenance 
activities within the power industry. Additional details about the implementation of the 
software will be covered in the subsequent sections of this chapter. 
4.9 Current Research Process of Qualitative Approach 
In the literature, researchers have used a range of research methodologies like 
questionnaires, interviews, observations, case studies, and process simulation to 
explore and investigate the maintenance practises as well as implementation of TPM 
across industrial organisations. However, many scholars select interviews or/and 
questionnaires to comply with maintenance practices as well as implementation in 
companies all over the world due to the fact that maintenance entails various aspects 
such as human, technical and economic, which all need employees’ opinions to 
understand the phenomena or problem in the research. 
Interview is the key element that has been extensively utilised in different fields and 
research to gather information related to vision, perceptions, beliefs, opinions, 
experience, patterns and trends. Many scholars around the world have utilised 
interviews as effective techniques for investigating and exploring various maintenance 
aspects within different industries, for example; implementation of TPM strategy 
(Aspinwall and Elgharib, 2013; Lee Cooke, 2000; Baglee and Knowles, 2010; Graisa 
and Al-Habaibeh, 2011; Bon and Ping, 2011; Shaaban and Awni, 2014), and power 
plant maintenance (Junior et al., 2018; Aljanabi et al., 2016; Atlason et al., 2014).   
Lee Cooke (2000) carried out semi-structured interviews with 100 employees from 
four processing manufacturing firms. Those who were interviewed ranged from 
managers and directors to operators, maintenance craftsmen, apprentices as well as 
contractors. In addition, interviews with middle managers/supervisors lasted close to 
one hour, whereas the duration of these interviews was one and a half hours for senior 
managers/directors. Importantly, interviews undertaken with labourers and workers 
were overall shorter, in general lasted between 30 to 45 minutes. These interviews 
aimed to highlight the difficulties facing companies in their attempt to implement TPM 
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between the production and maintenance departments with a view to improve 
organisational efficiency. 
Similarly, Baglee and Knowles (2010) conducted semi-structured interviews that 
involved owners as well as senior managers from thirty-six manufacturing firms (small 
and medium sized) to identify potential barriers for implementing TPM in their 
organisations. Moreover, Graisa and Al-Habaibeh (2011) also took interviews with 
top/middle managers in four different cement factories to ascertain 
production/maintenance problems in Libya’s cement industry, with a strong emphasis 
on the future implementation of TPM. Bon and Ping (2011) also conducted interviews 
with the person who was in charge of manufacturing operations as well as an 
engineering department to better understand the history of implementing TPM in the 
automotive sector. 
On the other hand, Aspinwall and Elgharib (2013) undertook interviews with managers 
and maintenance engineers at four different organisations to obtain the feedback about 
the manner in which TPM was implemented in medium and large manufacturing 
companies in the UK, with an emphasis on the reason for implementing such a 
programme, the involved activities and the challenges and effectiveness observed in 
the process. According to the results, culture was the main obstacle in successful and 
effective TPM implementation. Conversely, Shaaban and Awni (2014) carried out 
interviews in five FMCG (fast moving consumer goods) firms in Egypt, with the 
middle management team and the firm’s TPM facilitator. These interviews aimed to 
investigate the vital success factors needed to deploy TPM in FMCG organisations.  
Reviews of literature have emphasised different aspects that influence successful TPM 
implementation across organisations such as challenges, difficulties, barriers, and 
critical factors. Since the literature review remains the primary source of question 
formation, the researcher developed and produced the interviews questions on the basis 
of the aforementioned topics. The researcher utilised interview instrument as the main 
technique for data collection of qualitative approach. However, review of 
documentation and participant observation (unstructured and informal) of power plants 
activities were used as a minor tools for data gathering during qualitative analysis 
stage. The researcher utilised participant observation (complete observer) to explore 
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the main aim and objectives of this research study through observing the maintenance 
activities across case studies Abu Dhabi power organisations.     
4.9.1 Sampling Strategy and Size  
Creswell (2014) posited that designs involving qualitative methods are particularly 
feasible when the research is aimed at exploring phenomena, and especially when the 
researcher is keen to build new instruments or identify unknown variables. Moreover, 
the findings of qualitative study will be utilised as a guidance to develop the 
instruments as well as the variables of quantitative study. However, the samples must 
be different in both analysis processes (quantitative and qualitative), although they 
need to be taken from the same population (Creswell, 2014). According to the early 
deliberations in previous section (4.6.3), and how Yin (2014) supports, multiple case 
studies that examine several sites look to draw more generalisable conclusions and 
inferences than the ones delivered in a single case study organisation. These several 
cases also augment the external validity and prevent observer bias. Thus, the researcher 
planned on using three case studies under the umbrella of sampling strategy. 
The subject of this study is the three subsidiaries of ADPower in Abu Dhabi (public 
sectors); case study of power generation organisation (GX), case study of power 
transmission organisation (TX), and case study of power distribution organisation 
(DX). The main data collection source for these case studies was semi-structured 
interviews, (Appendix, G) conducted with targeted participants in all cases. Based on 
the organisational structure of all three organisations, the targeted interviewees for GX, 
TX, and DX were: 
 High Management Level: Managing Director and General Manager. 
  
 Middle Management Level: Director, Division and Department Manager (Assets 
Performance, Operations and Maintenance). 
 
 Operational Management Level: Section Head and Senior Engineers (Assets 
Performance, Operations and Maintenance). 
 
The researcher is of the view that the selected sample for interviews is adequate to 
accurately represent the data needed for this research study. It was considered that the 
ones who were selected for the interviews would represent the main departments that 
are very close to operations and maintenance activities; their positions enabled them to 
develop a good knowledge related to the topic of this research. To get a general 
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perspective about maintenance management and quality issues, managing director 
from high management level was interviewed. Similarly, managers from middle 
management level were interviewed to obtain a specific perspective on asset 
performance management system. Furthermore, to obtain a both general and specific 
perspective on the barriers (technical, process and cultural) that influence the 
improvement of maintenance practices, senior engineers and section head in asset 
performance, maintenance and operations departments were interviewed. In each case 
study, the total numbers of interviewees were as follows GX: 2, TX: 9, and DX: 5; 
they were also distributed through the three levels of management, as illustrated in the 
following Table 4.6. 











For TPM implementation oriented studies, according to Ng et al. (2012), the 
recommended interview sample sizes are between 20-30 participants, while another 
research by Haddad and Jaaron (2012) used a sample size of 13 respondents in their 
TPM applicability study. Therefore, having 16 interviewees for this research is deemed 
suitable as it achieved the first objective of this study (Marshall, 1996). The researcher 
identified sample size for qualitative approach (interview) based on the number of 
workforce, size and criticality of power networks across Abu Dhabi. The researcher 
selected only two samples from one power generation plant out of 10 power generation 
organisations due to the small number of senior managers across the generation sector. 
While high number of samples (nine) were selected due to criticality of power 
transmission network. Another reason is that Abu Dhabi energy sector has only one 
Management Levels 
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General Manager  
1 0 0 1 





1 2 1 4 




0 7 4 11 
Total  2 9 5 16 
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transmission company. On the other hand, all five senior staff who represent 
maintenance and power asset performance departments were selected from one 
company out of two power distribution organisations in Abu Dhabi. Furthermore, 
knowledge elicitation techniques were utilised Lim (1991) for discussion and analysis 
of the interviews.  
Covering these three management levels can enhance the reliability and validity of the 
interview by eliciting different viewpoints, which is also known as triangulating 
peoples' opinions. It was designed purposefully to generate a diverse array of opinions 
and present unbiased positions on existing views concerning the subject matter. In 
addition, it would facilitate alternative responses from diverse perspectives witnessed 
through the eyes of each discipline, thus increasing the data’s reliability and validity. 
After the respondents were contacted initially, they were sent pre-interview enquiries 
to ensure they had the relevant experience in maintenance management systems. This 
diversity of professionals from asset performance, maintenance and operations 
departments was important to adequately represent the concerned population for these 
interviews, rather than covering just one or two sectors in the power industry, which 
may have resulted in biased responses. Conversely, purposeful, snowball and 
convenience are the most common sampling techniques (non-probability) within 
qualitative research designs (Saunders et al., 2019). In addition, convenience sampling 
allows researchers to reach targeted interviewees easily. Conversely, Marshall (1996) 
reported that random sampling (probability) is an unsuitable for qualitative research 
designs. Thus, at this stage, this study was premised upon a sample of convenience. 
This sampling technique is an appropriate as researcher required to build new concept 
related to the first objective of this research study rather than testing of theory.  
4.9.2 Design and Procedure of Data Collection Tool 
Qualitative and quantitative analysis was considered to be appropriate to generate rich 
primary data and give insights into how participants view the world surrounding them 
(Farrell et al., 2016). Whilst expressing the reality as they see it through analysis 
processes of their observations and words, the researcher can lead people to describe 
natural scenarios (Easterby-Smith et al., 2015; Bryman, 2016). Such reasons could 
explain the reason why qualitative data analysis is conducive to encompass peoples’ 
perceptions, real-life experiences and prejudgments concerning a specific experience 
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(Easterby-Smith et al., 2015). Furthermore, Cohen et al. (2017) agreed that it helps 
researchers in finding first hand data over a sustained period of time. Thus, it can be 
concluded based on the literature reviews that qualitative studies are helpful in 
identifying challenges, barriers, and other variables affecting the implementation of 
TPM in an organisation over time (Bakri et al., 2014a). Based on the above mentioned 
arguments, it was also felt that this method would obtain deeper insights from 
interviewees, help the researcher shape and define the research problem in a better 
manner, whilst reinterpreting a findings from the quantitative survey to facilitate 
further discussions. 
The sixteen interviews intended to generate honest views from the different 
professionals belonging to the power industry. Valuable qualitative data transcripts 
were extracted, which were then processed into themes and labels before being turned 
into qualitative data to carry out additional analysis and discussion on the findings.  
Easterby-Smith et al. (2015) opined that at the core, interviews can be compared to 
conversations where the quality of obtained information is significantly affected by the 
interviewer‘s skill and personality (Cohen et al., 2017).  Interviews are of four forms; 
general approach, conversational (informal), closed fixed, and open ended response of 
interviewees. Informal or conversational interviews do not have predetermined 
questions, while general approach comprises of selected domains for collecting data. 
On the other hand, open ended interviews entail asking prearranged and predetermined 
questions, whereas the closed fixed response requires participants to select answers 
from a list of alternative responses. In particular, the study chose explorative semi-
structured interviews containing open ended questions can be most suitable and set up 
for the study. These were justified in enabling a reasonable structure degree to 
facilitate the reliability of findings (Cohen et al., 2017) whilst also accommodating 
additional prompts or remarks to encourage the interviewees to freely share their 
opinions and views concerning the study objectives. However, these were not designed 
not to encourage quick, simple answers; instead the focus was on promulgating 
carefully considered and deep roots responses to optimise the data collection quality. 
Conversely, the questions were worded carefully to avoid creating overtly brief 
responses and accommodated open ended answers wherever it was possible to give the 
interviewees the freedom to present unbiased and more comprehensive representation 
of their views and beliefs than would have otherwise been possible in the case of 
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close-ended questions. These interviews were intended to take 45-90 minutes to 
answer all the questions. The researcher also included the possibility of probing further 
if the answers were very short. 
Contact via e-email and telephone was established with all interviewees to explain the 
study’s purpose and emphasise on the keeping of anonymity and confidentiality of 
details. The provision of an ethical statement will be discussed further in the 
subsequent sections of this chapter. Moreover, dates and time slots were discussed 
with all participants to accommodate their availability as far as possible.  Fifteen out of 
the sixteen interviews were carried out in a face-to-face manner to help the researcher 
capture key physical expressions to some pressing questions that were then digitally 
recorded carefully via note taking for each and every response. On the other hand, one 
interview was done over the telephone due to time and geographical location-based 
constraints. Furthermore, the main languages across all power organisations in Abu 
Dhabi are Arabic and English. All management levels (high, middle and operational) 
are extremely competent in English language. Thus, interviews were conducted in 
English.   
4.9.3 Pilot Study 
Several authors have underpinned the significance of a pilot study whilst conducting a 
research. Yin (2014) specified that it enables investigators to refine their plans of data 
collection about the data content and following procedures. A pilot study helps the 
researcher to investigate the questions asked whether are sufficient to produce the 
desired information, moreover, it also optimises the reliability and validity of questions 
in interviews as well as questionnaires, since the researcher is given the chance to 
reconstruct or rephrase the questions. Thus, the researcher is of the opinion that it is 
very important to carry out a pilot study to ensure that the questions appear to be valid 
to all participants, and gauge the suitable time for interviews. 
A list of questions was proposed for these interviews and was modified following 
consultations with the PhD supervisor to prevent leading questions and promote lateral 
discussions by enabling participants to speak openly and freely. Thereafter, further 
consultations were carried out and a structure/format was decided for the interviews. 
Subsequently, pilot interviews were carried out using the expertise of three 
experienced power professionals, to tease-out any daunting difficulties in the manner 
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in which these interviews were conducted and also to provide feedback. The 
endeavour was to solicit the feedback based on the diverse backgrounds of the 
respondents within different companies in terms of activity, size, and site. This then 
allowed the researcher to check and maintain the content validity of interview 
questions; furthermore, he was able to obtain a good experience with regard to gaining 
access to Abu Dhabi power organisations. As per the pilot study activities, the 
researcher obtained some relevant comments. Moreover, the interview questions were 
modified as some of them were found to be repetitive in terms of meaning. Others 
were in the form of combined questions; other sources were also looked into for 
obtaining key information such as documents, reports, etc. 
4.9.4 Analytical Methods 
The current Interviews data are analysed through three stages: first stage (data 
collection), second stage (data management) and third stage (data analysis), see Figure 
4.4 All the sixteen interviews were recorded using a digital Dictaphone. Interviews 
lasted between forty minutes and one and half hour owing to the different durations of 
participants’ responses. The researcher uses prompts when he felt that responses were 
either too brief or did not encompass the subject matter effectively. After the digital 
recordings were done, all interviews were then transcribed verbatim. Content and 
thematic analysis were used to analyse data of interviews due to its meaning-making 
focus (Braun and Clarke, 2006). This flexible analysis approach (epistemologically) 
utilises data-driven strategy and a person-centred focus, which is consistent with the 
framework of macro-social constructionist that confirms an interrogation of meaning 
and language while attending to wider background features of the subjective data 
(Bryman, 2016). The purpose of this analysis is to deliver different themes/subthemes 
generated from the interviews qualitative data. It also generates rich subjective data 
enabling the researcher to have clear comparison resulting from respondents’ 
perceptions about their maintenance practices and work experiences within Abu Dhabi 
power plants. Further, coding of interviews data is a process of allocating labels 
associated with words and phrases during data analysis. This process of data coding 
supports the researcher to develop the final narrative discussion, conclusion and further 
research through identifying different patterns in subjective data and categorising them 
based on the work of Braun and Clarke (2006); Boyatzis (1998) for thematic analysis. 
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The analysis used the approach to data analysis of Farrell et al. (2016) through 












Adopted from (Farrell et al, 2016) 
 
 A layered approach to analysis and coding was carried out, associated with the three 
categorisation levels developed by Boyatzis (1998): descriptive coding (first level), 
conceptual categorisation (second level) and thematising (third level) of subjective 
data. Also in accordance with the aforementioned the three categorisation levels, the 
researcher utilised the six-step process of inductive thematic analysis (Braun and 
Clarke, 2006):   
 
 Step 1: Familiarisation with collected data; 
 Step 2: Generating initial codes; 
 Step 3: Searching for themes; 
 Step 4: Reviewing themes; 
 Step 5: Categorising and naming themes; 
 Step 6: Presenting and discussing findings. 
 
Then, the raw data was coded using content and thematic analysis on key words, 
phrases or terms (Braun and Clarke, 2006; Farrell et al., 2016; Cohen et al., 2017). The 
analysis continued to confirm process of data saturation and no new themes can be 
emerged. This process to ensure adequacy of sampling and no further data are needed 
(Fusch and Ness, 2015). On this basis, key ideas and themes emerged which were then 
Figure 4. 4 Analysis Process of Qualitative Data (Interview) 
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compiled for comparison and analysis (Farrell et al., 2016). The researcher confirmed 
that each code within data analysis was grouped into the appropriate concept or 
category. As per the recommendation of Silver and Lewins (2014), computer assisted 
data analysis (for qualitative) software was used to enable the researcher to conduct 
accurate coding process for raw data. These included ATLAS, NVivo, Dedoose, 
HyperRESEARCH, MAXQDA, and Transana. Furthermore, the researcher used 
NVivo 11 software to code attaching, words, themes or tags into textual segments for 
content and thematic analysis. Sequences, frequencies or locations of phrases/words 
were used based on familiarity, experience and convenience.  
4.9.5 Process of Developing Conclusions and Findings 
The researcher was summarised the raw data and placed them in tables by listing 
themes and codes, identifying important literature resources and presenting content 
analysis data. These tables became significant plan for the researcher to develop and 
build a narrative for the study’s chapters on findings, discussion and conclusion. 
Findings were developed by making a comparison between qualitative data collected 
from the interviews with the theories and arguments sourced from the literature 
reviews. Accordingly, data inconsistencies and similarities were recorded involving 
both primary and secondary sources of data and plan of actions with suggestions made 
(Farrell et al., 2016). This kind of analysis encouraged interesting discussions to be 
established particularly in cases where there were conflicting opinions. Finally, 
conclusions were established through personal deep reflective thought of the research 
findings and recommendations for further research, wherever deemed necessary. The 
researcher confirmed the findings accuracy through performing specific procedures to 
achieve the qualitative validity. Conversely, the researcher selected consistent research 
approach compared with different projects and authors to attain the qualitative 
reliability (Creswell, 2013). This research did not involve any form of independent 
corroboration evidence of any qualitative analysis. The reason is that the entire data 
analysis process was performed clearly by the researcher and reviewed through 
consultations with the PhD supervisor and academic experts. The researcher utilised a 
robust research protocol that contains the general rules and procedures which must be 
followed while using different research instruments. Another reason is that the 
researcher utilised three different research instruments (interview, participant 
observation and archival data) within qualitative analysis to triangulate findings (Yin, 
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2014). This triangulation boosts quality and credibility values of qualitative analysis 
which in turn contributes to the strength of findings. On the other hand, the researcher 
utilised a reflexivity process during the interview stage to avoid or limit any bias and 
enhance the trustworthiness of the findings. The researcher verified the findings with 
the same respondents in the interview process through asking them at different times 
(six months after first meeting) about the critical technical and cultural factors 
identified during interview activities. Most respondents confirmed that the findings are 
consistent and accurate. This process is part of quality checklist through utilising 
critical appraisal skill tools. Furthermore, the researcher triangulated interviews with 
other methods (participant observation and document analysis) to provide more 
generalisable conclusions and confirm the consistency of findings.   
4.10 Current Research Process of Quantitative Approach 
As mentioned before, this research used a questionnaire as a quantitative approach 
owing to its efficacy in collecting information regarding beliefs, visions, experiences, 
perceptions, opinions, patterns and trends. Researchers have used questionnaires to 
probe a number of aspects concerning the operation and maintenance across industries 
all over the world, for example, in the case of maintenance strategies (Mad Lazim and 
Ramayah, 2010), maintenance management (Cholasuke et al., 2004; Taylor, 2000), 
culture and maintenance (Reiman and Oedewald, 2004), maintenance proficiency 
(Cabahug, 2004), teamwork and maintenance (Greenough, 1998), maintenance 
performance (Gandhare et al., 2018), maintenance practice (Alsyouf, 2009), 
maintenance quality and productivity (Al-Najjar, 1996) and safety and maintenance 
(Gerede, 2015)  as well as other areas of TPM, such as; TPM enablers (Ahuja and 
Khamba, 2008a; Ahuja and Khamba, 2008c; Attri et al., 2013b; Jain et al, 2018), TPM 
barriers (Graisa and Al-Habaibeh, 2011; Munir et al., 2019), TPM and manufacturing 
performance (Hooi and Leong, 2017; Wickramasinghe and Perera, 2016; Cua et al., 
2001), TPM barriers (Lee Cook, 2000; Attri et al., 2013b), TPM strategy and 
innovation (Mad Lazim et al., 2017), TPM and change management (Ramayah et al., 
2002), and TPM implementation (Salaheldin and Eid, 2007), TPM and operator 
involvement (Ramayah et al., 2002; Nasurdin et al., 2005), TPM and empowerment of 
operators to participate in maintenance activities (Ramayah et al., 2002; Nasurdin et 
al., 2005; Jain et al, 2018).  
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4.10.1 Procedure and Design of Data Collection Tool 
Based on the findings of previous studies, delivering constructs of theory, together 
with visions delivered by the interview phase, the second step includes the 
questionnaire application to collect information associated with barriers and obstacles 
affecting the successful implementation of TPM in the power industry and the impact 
of cultural issues on participation of autonomous maintenance (operators) in the 
maintenance activities. 
This research relied on two principal sources of data and information collection, 
namely: 
 
1) Secondary Sources: where data and information that helped in the exploration and 
crystallization of the problem of the study, writing the theoretical chapter and 
previous studies of the sources of published and unpublished books, articles, 
reports and relevant academic research and studies, were collected, as well as for 
the use of some specialised websites available. Also, historical data of power plants 
(failure time, maintenance cost, etc.) were collected from a case study of Abu 
Dhabi power industry. 
 
2) Primary Sources: primary resources were used to acquire the primary data. The 
researcher designed the survey questionnaire as primary resources based on the 
aim and objectives of this research study, the questionnaire was developed into the 
subsequent six parts to answer some questions of research stated in chapter one as 
well to deliver empirical evidence and to test the research’s hypotheses. Appendix 
H involves the application of questionnaire: 
Part I:  
The first part of questionnaire provides questions associated with profile of participant 
to obtain general information related to respondents such as type of organisation, 
gender, age, work experience, education level, and country of origin. The researcher 
decided to cluster respondent nationalities because most operative staff who work 
across Abu Dhabi power organisations from certain countries like Middle East (UAE, 
Jordan, Iraq and Egypt) and South Asia (India, Pakistan, Bangladesh and Nepal). In 
chapter 2, section 2.6.2, the researcher compared between these two regions in national 
culture based on Hofstede’s cultural dimensions. The literature is used to show 
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sufficient similarity exists within both Middle East and South Asia clusters. Thus, the 
researcher considered them together to cluster respondent nationalities.  
Part II: 
The objective of questions in this section is to define the current maintenance practices 
in the Abu Dhabi power plants. This section assesses and ranks the significance of 
barriers that are responsible for poor and inadequate implementation of TPM practices 
on the basis of existing maintenance practices. It includes 6 barriers (variables with 
multiple items) responsible for poor implementation of TPM practices. Furthermore, 
this section utilised effective factors and practices of maintenance management which 
were defined from reviewing of previous studies and from qualitative data analysis 
(interview) that presented several themes. Thirty closed-end statements were used to 
calculate the total score for each factor. These statements were rated on a Likert-scale 
with the range being from 1 (which means strongly disagree) to 7 (which means 
strongly agree). These questions were asked to respondents to indicate their level of 
disagreement/agreement on maintenance practices in their power plants. There are six 
constructs/variables in this section, which are maintenance policy and methods, 
maintenance resources, tools and spare parts, computerised maintenance management 
system, housekeeping, health safety and environment management, maintenance 
audits. Table 4.7 describes the questionnaire’s constructs as well as measurements. 
Questionnaire in this section have been drawn from different authors: Ghazi (2016), 
Modgil and Sharma (2016), Wai Foon and Terziovski (2014), Martínez-Córcoles et al. 
(2011), Mad Lazim and Ramayah (2010), Cholasuke et al. (2004), Ramayah et al. 
(2002), Lee and Harrison (2000).  
Part III: 
This section includes questions on organisational culture to understand the power 
plants’ prevailing culture as well as its characteristics identified after assessing the 
literature as well as from the themes emerging from the data analysis of interviews. 
The aim of this section is to provide the cultural barriers and obstacles that affecting 
TPM implementation in Abu Dhabi power industry. Moreover, it also assesses and 
ranks the significance of barriers that are responsible for poor and inadequate 
implementation of TPM practices on the basis of existing organisational culture. It 
includes 9 barriers (variables with multiple items) responsible for poor implementation 
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of TPM practices. Thirty nine closed-end statements were used to calculate the total 
score for each factor. These statements were rated on a Likert- scale - with the range 
being from 1 (which means strongly disagree) to 7 (which means strongly agree). This 
section intended to assess the respondents’ disagreement/agreement levels on 
organisational culture in their power plants. It also comprises of nine 
constructs/variables: senior management commitment, management style and 
empowerment, communication and coordination, training and education, teamwork 
and staff involvement, knowledge sharing, job satisfaction, rewards and motivation 
and change management and employee commitment. Table 4.7 describes the 
constructs as well as measurements involved in the questionnaire, which has been 
drawn from different authors such as: Mad Lazim et al. (2017), Ahmad et al. (2017), 
Irwin et al. (2016), Valaei and Jiroudi (2016), Ismail et al. (2015), Peng et al. (2014), 
Wai Foon and Terziovski (2014), Seba et al. (2012), Lantz (2011), Tsai (2011), Fraser 
and Hvolby (2010), Islam and Ismail (2008), Callan et al. (2007), Ginevičius and 
Vaitkūnaite (2006), Ramayah et al. (2002), Greenough (1998), Mackenzie (1995).  
Part IV: 
This section aimed to examine the participation of autonomous maintenance 
(operators) within Abu Dhabi power plants. Characteristics of this section are 
identified from the themes emerging from the data analysis of interviews. It includes 
one variable with multiple items which are responsible for poor participation of 
operators in maintenance activities within power plant. Five closed-end statements 
were used to calculate the total score for the variable. These statements were rated on a 
Likert- scale - with the range being from 1 (which means strongly disagree) to 7 
(which means strongly agree). This section intended to assess the respondents’ 
disagreement/agreement levels on participation of autonomous maintenance in their 
power plants. Table 4.7 describes the constructs as well as measurements involved in 
the questionnaire, which has been drawn from different authors such as: Ramayah et 
al. (2002), Nasurdin et al. (2005), Mad Lazim and Ramayah (2010), Wai Foon and 
Terziovski (2014), Modgil and Sharma (2016). 
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Part V: 
This section aimed to examine the impact of structural employee empowerment on the 
participation of autonomous maintenance (operators) in power plants. It includes five 
variables (with multiple items) which are responsible for assessing the significance 
level of employee empowerment on the basis of existing practices within power plants. 
Nineteen closed-end statements were used to calculate the total score for each variable. 
These statements were rated on an importance Likert scale with the range being from 1 
(which means not at all important) to 7 (which means extremely important). This 
section intended to assess the respondents’ importance levels on employee 
empowerment in their power plants. It also comprises of five constructs/variables: 
formal and informal power, opportunity, access to resources, access to information, 
and access to support. Table 4.7 describes the constructs as well as measurements 
involved in the questionnaire. In this section, the questions were drawn from different 
authors such as: Aggarwal et al. (2018), Dan et al. (2018), Goedhart et al. (2017), 
Jaffery and Farooq (2015), Laschinger et al. (2013), Wong and Laschinger (2013), 
Davies et al. (2011), Smith et al. (2010), Laschinger et al. (2009), Laschinger and 
Finegan (2005), Laschinger et al. (2002), and Kanter (1993). 
Part VI: 
This section aimed to examine the impact of cultural dimensions on the employee 
empowerment based on the Hofstede Cultural Model (the four main variables include 
power distance, collectivism/individualism, masculinity/femininity, and avoiding 
uncertainty). Concerning employee empowerment, which in turn underpins the effect 
of empowerment on participation of autonomous maintenance within the power plants. 
Hofstede model is used since there is lack and paucity of research on the effect of 
cultural dimensions on the participation and importance of autonomous maintenance 
(operators) in maintenance activities of power plants. Therefore, this study used the 
Hofstede cultural model to better analyse the impact of power cultural dimensions on 
the involvement of operators within the maintenance activities. The questionnaire, 
which was premised on the original questionnaire devised by Hofstede, was adapted so 
as to gauge culture across power organisations in Abu Dhabi. Seventeen closed-end 
statements were used to calculate the total score for each factor. These statements were 
rated on a Likert- scale - with the range being from 1 (which means strongly disagree) 
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to 7 (which means strongly agree). These questions intended to understand the 
respondents’ disagreement/agreement levels on the dimensions of power 
organisational culture across their power plants. Table 4.7 describes the constructs as 
well as measurements involved in the questionnaire. In this section, the questions were 
drawn from Sadeghi et al. (2013). The reason is that these authors test their research 
hypothesis model based on Hofstede’s cultural dimensions and psychological 
empowerment. Thus, the researcher utilised the same questions of Hofstede’s cultural 
dimensions from Sadeghi et al. (2013) to examine their impact on structural 
empowerment. This will enable the researcher to compare his findings with results of 
Sadeghi et al. (2013) through evaluating the impact of Hofstede’s cultural dimensions 
on empowerment in general. 
4.10.2 Measures and Design of Questionnaire 
Currently, most rating scales, such as Likert-type scales, contain categories that 
contain five or seven responses. Agree-disagree (AD) scales continue to be popular 
amongst researchers due to practical consideration such as ease of item preparation, 
fast speed of administration, and lesser administration costs (Revilla et al., 2014). 
Furthermore, scientific debates are going on between researchers about the use of 5 or 
7 point Likert scale. Dawes (2008) point out that 7-point scales leads to stronger 
correlations with t-test results. In addition, he asserts that both empirical and 
simulation studies have generally agreed that reliability as well as validity of studies 
can be enhanced by using  five-to-seven point scales as opposed to the coarser ones 
(those that have smaller scale points). However, Revilla et al. (2014) argue that on an 
AD scale, the quality goes down with an increase in the number of categories, which 
means that a 5-point one is the best AD scale. They also recognised that 5-point scale 
improves the response rate and is generally less confusing.  
Wai Foon and Terziovski (2014) carried out a study in Malaysia and Australia to 
ascertain the effect of operations/maintenance practices on power plant performance; 
they made use of a seven Likert scale due to its high reliability. Thus, the researcher 
included multiple items for each construct in addition to a seven Likert scale in this 
research by deploying declarative statements along with a list of response categories. 
As mentioned above, the questionnaire was designed in six parts, which comprised of 
measured questions to record the participants’ levels of disagreement or agreement and 
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importance level against a set of statements. These responses were then measured on 
the Likert scale as: 
 
 
High score is given to statements where respondents judge best practice is being 
complied with low score given to statements where respondents judge best practice is 
not being complied. Further, Farrell et al. (2016) advocated that to optimise the 
reliability and validity of a survey, the questionnaire design need to be adapted from 
the ones that were used in previous studies. This was designed deliberately to enhance 
the study’s reliability by using statements that had yielded similar research data on a 
previous studies. Statements that could be perceived as excessively time consuming, 
loaded, sensitive or ambiguous were avoided. On the other hand, the opposite ‘poles’ 
were switched randomly on five statements (statements 4, 20, 23 and 24 from Part II + 
statement 12 from Part III of questionnaire) to avoid choosing of participants for one 
specific range of statements and hence this will result in encourage the reflection. 
According to Farrell et al. (2016), in this manner it avoids the unhelpful consequences 
of those who reply yes or no to all questions. 
In this research, paper of the questionnaire was handed over to employees in person; 
they were asked to complete it by hand and then return it to the researcher to present 
the best form. This was preferred over e-mailed or electronic forms to promote the best 
response rates due to issues of convenience. However, this method of distributing the 
questionnaire can be more expensive than electronic forms. 
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Maintenance Policy and 
Methods 
MPM Part II 
The type of maintenance policy 
and methods that organisations 
utilise in power plants 
including techniques, planning 
and scheduling of maintenance 
tasks. 
1- The current maintenance policies in the power substation are efficient. 
2- The maintenance policies are reviewed regularly or at least annually. 
3- The organisation has planning and scheduling of maintenance tasks. 
4- The organisation does not apply proactive and predictive maintenance 
techniques. 
5-  Diagnostic techniques are steadily applied on faulty power plants. 




Aljanabi et al 
(2016); Ghazi 
(2016); Wai Foon 
and Terziovski 
(2014); Cholasuke et 
al. (2004); Ramayah 
et al. (2002). 
Maintenance 
Resources, Tools and 
Spare Parts 
MRTS Part II 
Maintenance resources such as: 
yearly budgets, tools and spare 
parts, and technology (e.g. 
RCM software for analysing 
historical data of power plants) 
have a significant effect on 
maintenance works. Managing 
and securing maintenance 
resources can optimise the 
maintenance costs and hence 
lead to high performance of 
power plants.   
7- Set aside yearly budget reserves for financing maintenance programmes. 
8- The organisation has enough tools to perform maintenance and operations 
activities. 
9- The organisation has enough spare parts to perform maintenance and 
operations activities. 




Aljanabi et al 
(2016); Ghazi 
(2016); Wai Foon 
and Terziovski 
(2014); Cholasuke et 




CMMS Part II 
World-class maintenance 
practices are based on 
maintenance information 
management that relates to 
maintenance activities from 
gathering, analysing, and 
generating reports by 
maintenance staff through 
utilising CCMS and providing 
reports to maintenance and 
assets performance managers.   
11- Employees have the sufficient knowledge and capability to use the 
computerised maintenance management systems (CMMSs).  
12- CMMS is used for maintenance activities: planning, scheduling, 
execution and recoding events.  
13- Historical data of power plants failure are recorded through a CMMS and 
used for analysis and improvement targets. 








Jamkhaneh et al. 
(2018); Modgil and 
Sharma (2016); 
Ghazi (2016); 
Cholasuke et al. 
(2004). 
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Housekeeping HK Part II 
Housekeeping is vital to keep 
the power plant neat and clean 
through 5S practices. 
 
15- Our plant emphasizes putting all tools and fixtures in their place.  
16- We take pride in keeping our plant neat and clean.  
17- Our plant is kept clean at all times.  
18- Operators often have trouble finding the tools they need. 
19- Power plant is kept clean at all times by operators through lubrication, 
bolt tightening, cleaning and inspection. 
Seven point 
Likert scale 
Modgil and Sharma 
(2016); Ramayah et 
al. (2002) 
Health, Safety, and 
Environment 
Management 
HSEM Part II 
Performing right procedures of 
health, safety, and environment 
policy during maintenance 
work can lead to a safe 
workplace with zero accidents 
or injuries.   
20- The written safety rules and safety instructions are so complicated that 
people do not pay much attention to them. 
21- Senior management in this plant-company invests a lot of time and money 
in safety training for workers. 
22- The organisation provides all the equipment needed to do the job safely. 
23- Employees ignore safety regulations to get the job done. 
24- The `Permit to Work' and other safety document systems are just a way of 




al. (2011); Lee and 
Harrison (2000). 
Maintenance Audits MA Part II 
Maintenance audits are based 
on investigating the standards 
of procedures during 
performing the maintenance 
activities. This kind of practice 
can lead to rapid improvement 
and development in 
maintenance performance. 
25- The organisation has a regular audit system on maintenance activities of 
power plants.  
26- Senior management in this plant-company insists on thorough and regular 
safety audits and inspections. 
27- Maintenance audits on power plants have improved and enhanced the 
current maintenance practices through increasing mean time between 
failure (MTBF) and decreasing mean time to repair (MTTR).  
28- I was given the opportunity to provide input, including any concerns and 
our perspectives, to the planning process. 
29- I was given the opportunity to provide input on the findings and 
conclusions, and on the recommendations made to address them. 








SMC Part III 
The term senior management 
commitment means both 
physical and psychological 
involvement and support 
towards successful 
implementation of maintenance 
activities in power plants.  
1- Senior management is involved in ensuring the organization’s 
management system is developed, implemented, and continuously 
improved. 
2- Senior management reinforce a culture of excellence within the 
organisation. 
3- Senior management identifies and champions organisational change. 
4- Senior management believe and trust in the abilities and importance of 
shop floor workers. 
Seven point 
Likert scale 
Wai Foon and 
Terziovski (2014); 
Ramayah et al. 
(2002). 
Management Style and 
Empowerment 
MSE Part III 
Management style has the 
significant impact on employee 
empowerment in power plants. 
This style of management 
involves flexibility in 
delegation of authority and 
involving all maintenance staff 
in decision-making process.  
5- Senior management give delegation of authority to managers of 
operations and maintenance departments. 
6- Senior employees are enthusiastic and willing to delegate responsibilities 
to junior staff. 
7- Senior employees are enthusiastic and willing to share their experience 
and knowledge to junior staff. 
8- Operations and maintenance staff are involved in the organisation 
decision making process. 
Seven point 
Likert scale 
Irwin et al. (2016); 
Ramayah et al. 
(2002). 
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Communication and 
Coordination   
CC Part III 
Effective communication and 
coordination between 
maintenance and operation 
staff can lead to great 
cooperation, commitment, and 
involvement between them and 
hence create a motivation 
environment in power plants. 
9- There are clear standard operating procedures for the operations and 
maintenance department. 
10- There is strong coordination between maintenance and operation 
departments. 
11- There are good maintenance procedure checklists, protocols, and work 
rules. 
12- Language in the workplace has affected the coordination and 
communication between departments due to the multi-lingual and 
multicultural diversity of the organisation workforce. 
Seven point 
Likert scale 
Irwin et al. (2016). 
Training and Education TE Part III 
Suitable training programmes 
can develop and improve the 
knowledge, skills, capability, 
and ability of all staff and 
hence increase the efficiency 
and effectiveness of power 
plants.  
13- Employees receive training based on their education qualification. 
14- Employees receive structured training for different work positions. 
15- Employees receive necessary operation and maintenance training for new 
technologies or techniques. 
16- The organisation implements scheduled training programmes based on 
their employee needs. 




Ahmad et al. (2017); 
Ismail et al. (2015); 
Wai Foon and 
Terziovski (2014); 
Ramayah et al. 
(2002). 
Teamwork and Staff 
Involvement 
TSI Part III 
Teamwork and staff 
involvement have a positive 
impact on organisation 
performance. This will result in 
creating cooperation 
environment between all 
employees through sharing 
experience, knowledge, and 
skills when performing their 
maintenance activities or 
conducting teamwork 
meetings. 
18- The operations and maintenance department creates small groups or 
teams for optimising power assets. 
19- The organisation conducts regular teamwork meetings between senior 
management, and maintenance staff. 
20- Responsibilities and role are identified within the teams to achieve 
improvement targets. 
21- There is a good cooperation environment between employees in the 
teamwork to get the task done. 
22- Employee has encouragement with his colleagues in the workplace to 
participate in teamwork/groups. 
Seven point 
Likert scale 
Irwin et al. (2016); 
Wai Foon and 
Terziovski (2014); 
Lantz (2011); Fraser 
and Hvolby (2010); 
Greenough (1998). 
Knowledge Sharing KS Part III 
Continuous learning and 
knowledge sharing optimises 
the maintenance techniques 
and procedures in power 
plants. It also has a positive 
impact on the maintenance 
performance.  
23- My knowledge sharing with other department members is valuable to me. 
24- I intend to share my knowledge with more departmental members. 
25- My manager supports me to share the knowledge and skills with 
colleagues within/outside department. 
26- The organisation designs processes to facilitate knowledge exchange 
across departmental boundaries.  
27- I can always rely on my department members to make my job easier by 
sharing their knowledge. 
Seven point 
Likert scale 
Wai Foon and 
Terziovski (2014); 
Seba et al. (2012). 
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Job Satisfaction JS Part III 
Employee satisfaction 
enhances the productivity as 
well the quality of maintenance 
activities in power plants. Job 
satisfaction has a significant 
impact on the organisation 
performance.   
28- I am satisfied with my current position. 
29- I am satisfied with my current pay. 




Valaei and Jiroudi 




RM Part III 
Employees motivated through 
getting extra pay and 
promotion, their productivity in 
maintenance activities will be 
increased. Rewards and 
motivation promote high 
employees participation in 
generating innovate ideas for 
improving maintenance 
procedures and techniques in 
power plants. 
31- I get extra pay for high performance. 
32- There are opportunities for promotion in my work. 
33- Employees are motivated to come up with new and innovate ideas that 
can lead to organization development and sustainability efforts. 
Seven point 
Likert scale 
Aljanabi et al 
(2016); Tsai (2011); 




Commitment   
ChM Part III 
Change management elements 
significantly improves and 
enhances maintenance 
procedures through preventing 
resistance to change and 
increasing participation of 
operators in maintenance 
activities.  
34- Employees have a good feeling about any change project. 
35- Employees experience the change as a positive process. 
36- Employees are willing to accept new changes in the process of 
implementing their work. 
37- I am not resistant to change. 
38- I am willing to make a significant contribution to the change. 
39- I am willing to put energy into the process of change. 
Seven point 
Likert scale 
Aljanabi et al 
(2016); Callan et al. 






PAM Part IV 
Participation of equipment 
operators in performing 
maintenance tasks is called 
autonomous maintenance. This 
kind of practice can lead to 
prevent any early deterioration 
for power plants. 
1- Operators at this plant learn how to perform a variety of tasks/jobs. 
2- Operators at this plant collect, record, and analyse information on 
important activities. 
3- Operators have the ability to carry out minor adjustments and basic 
preventive maintenance, such as routine inspection, cleaning, and 
lubrication of the equipment. 
4- Operators are given the autonomy (freedom, independence, and 
opportunity) to look after the conditions and effectiveness of the 
equipment within their care. 
5- Operators are allowed to make decisions and initiate corrective actions to 
prevent any unscheduled breakdowns. 
Seven point 
Likert scale 
Mad Modgil and 
Sharma (2016); 
Lazim and Ramayah 
(2010); Nasurdin et 
al. (2005); Ramayah 
et al. (2002). 
Formal and Informal 
Power   
FIP Part V 
The ability to secure and 
provide resources to 
accomplish work. 
1- Rewards for unusual performance or innovation on the job. 
2- Flexibility and visibility in my job. 
3- Collaboration with operators. 






Aggarwal et al. 
(2018); Goedhart et 
al. (2017); 
Laschinger et al. 
(2013); and Kanter 
(1993). 
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Opportunity OP Part V 
 
There is possibility of growth 
within the company as well as 
the opportunity of growth 
through obtaining wider 
skills/knowledge.  
 
5- Challenging work. 
6- The chance to gain new skills and knowledge on the job. 
7- Access to training programs for learning new things. 






Aggarwal et al. 
(2018); Goedhart et 
al. (2017); Jaffery 
and Farooq (2015); 
Laschinger et al. 
(2013); and Kanter 
(1993). 
Access to Resources ATR Part V 
 
The ability to source pertinent 
materials, financial support and 
other necessary supplies need 
to execute a function.  
 
9- Time available for paperwork. 
10- Time available to accomplish job requirements. 






Aggarwal et al. 
(2018); Goedhart et 
al. (2017); Jaffery 
and Farooq (2015); 
Laschinger et al. 
(2013); and Kanter 
(1993). 
Access to Information ATI Part V 
 
The necessary informal and 
formal knowledge that helps 
the one to remain efficacious in 
the workplace.  
 
12- The current state of the power plant. 
13- The values of top management. 
14- The goals of top management. 






Aggarwal et al. 
(2018); Goedhart et 
al. (2017); Jaffery 
and Farooq (2015); 
Laschinger et al. 
(2013); and Kanter 
(1993). 
Access to Support ATS Part V 
 
Obtaining guidance and 
feedback from peers, superiors 
and subordinates.  
 
16- Specific information about things you do well. 
17- Specific comments about things you could improve. 
18- Help when there is a work crisis or problem solving advice. 






Aggarwal et al. 
(2018); Goedhart et 
al. (2017); Jaffery 
and Farooq (2015); 
Laschinger et al. 
(2013); and Kanter 
(1993).  
Power Distance   PD Part VI 
This culture represents the 
acceptance of power distance 
based on high or low power. In 
high power societies, the 
members show high respect to 
higher management and 
authorities, while in low power 
societies, there is an equality in 
distribution of authority and 
hence establish a democracy 
culture as social control. 
1- Employees should always respect the chain of command and never go over 
their manager's head. 
2- Managers should not ask subordinates for advice or opinions, because they 
might appear less powerful. 
3- Employees should not question their manager's decisions.  
4- Decision making power should stay with top management in the organization 
and not be delegated to lower level employees. 




Sadeghi et al. 
(2013). 
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Collectivism 
/Individualism   
CI Part VI 
In individualist cultures, an 
individual assumes the role of 
responsibility to his/her 
immediate family as a natural 
course of action; alternatively 
in collectivist cultures, an 
individual belongs to a group 
by birth permanently. 
6- Group success is more important than individual success. 
7- Group welfare is more important than individual rewards. 
8- Being accepted as a member of a group is more important than being 
independent. 
9- Being loyal to a group is more important than individual gain. 
Seven point 
Likert scale 
Sadeghi et al. 
(2013). 
Masculinity/Femininity MF Part VI 
Masculine cultures the man 
and woman display discernibly 
different social roles and 
correspondingly, in feminine 
cultures, there is an obvious 
significant overlap in social 
roles where women are 
considered as supporters. 
10- It is more important for men to have a professional career than it is for women 
to have a professional career. 
11- It is preferable to have a man in high level position rather than a woman. 
12- There are some jobs in which a man can always do better than a woman. 
Seven point 
Likert scale 
Sadeghi et al. 
(2013). 
Uncertainty Avoidance UA Part VI 
As the name indicates, in this 
cultural scenario, the people 
introduce and establish strict 
behaviour codes with absolute 
truths belief to avoid situations 
deemed unclear, and 
unstructured. 
13- It is not important to have job requirements and instructions spelled out in 
detail. 
14- Rules and regulations are not important in workplace. 
15- People should not avoid making changes because things could get better. 
16- Order and structure are not very important in a work environment. 
17- It is better to work in an organisation with no specific rules and regulations as 
opposed to a less flexible organisation. 
Seven point 
Likert scale 
Sadeghi et al. (2013. 
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4.10.3 Theoretical Framework of Research 
Several authors have acknowledged the significance of TPM implementation in the 
power industry (Junior et al., 2018; Aljanabi et al., 2016; Wai Foon and Terziovski, 
2014; Reiman and Oedewald, 2004) and in the service sector (Mad Lazim and 
Ramayah, 2010). Correspondingly, Nasurdin et al. (2005) opined that empowerment 
remains one of the most important philosophies entrenched in TPM which is expected 
to enhance employees’ sense of autonomy. For example, in autonomous maintenance, 
operators are not merely permitted to oversee the efficacy of the machines/equipment 
within their care, but are also given the opportunity of deciding and initiating 
corrective actions to prevent unscheduled breakdowns (Al-Hassan et al., 2000). In the 
same context, operators or shop floor workers are likely to enjoy greater autonomy. 
Therefore, Nasurdin et al. (2005) advocated the concept of empowerment amongst 
employees in organisations performing TPM programme. Under such circumstances, 
employees’ flexibility and autonomy will be increased. Furthermore, as noted by 
Nakajima (1988), operators are required to participate in giving suggestions to improve 
production lines in the form of small group activities, which in turn, guides them to 
experience greater autonomy.  
The element of empowerment is closely related to the emphasis to acquire 
organisational efficacy through effective and discerning human resource utilisation. 
Furthermore, empowerment techniques play a key role in improving group 
development as well as maintenance (Orgambídez-Ramos and Yolanda Borrego-Alés, 
2014). Kanter (1993) is one of the oldest proponents of the concept of empowerment. 
She discussed that organisation characteristics and structures determine the element of 
empowerment. More specifically formal job characteristics as well as informal 
partnerships affect employees’ ability to complete their work successfully. Based on 
the structural empowerment framework of Kanter, the researcher evaluated the effect 
of access to support, power, resources, opportunities and information on the 
autonomous maintenance (operators) participation in the power plants. Kanter (1993) 
defined that power is the ability to organise and secure resources to let workforces 
complete their jobs in appropriate ways. Employees get empowered (power is 'on') 
when they are able to access support, resources, information, as well as other 
opportunities to grow and learn. In case these lines become unavailable (power is 'off'), 
the employees’ ability to work effectively reduces drastically. Power lines are 
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'structural' empowerment sources in the concerned organisation. Kanter points out that 
these lines emanate from formal as well as informal systems within organisations. 
According to Orgambídez-Ramos and Yolanda Borrego-Alés (2014), formal power 
can be obtained from job characteristics such as flexibility, adaptability, making 
discretionary decisions, visibility, as well as alignment with overarching organisational 
goals and purpose. Furthermore, informal power can be sourced from social links, 
information communication channels with sponsors, friends, bosses, subordinates, and 
other assistive groups. Accessing these structures result in heightened levels of 
structural empowerment (Kanter, 1993; Orgambídez-Ramos and Yolanda Borrego-
Alés, 2014).  
Employees are of the opinion work environments enabling access to support, 
information, resources, and opportunity is on the way to empowerment. Kanter’s 
theory pertains to the perception of employees concerning the real working conditions, 
as opposed to the manner in which they psychologically interpret this information. 
Thus, the researcher took into consideration, the concept of 'structural' empowerment 
to forecast the participation of operators in power plant maintenance activities. The 
researcher meanwhile employed these dimensions: (formal and informal power, 
opportunity, access to resources, access to information, and access to support) in 
his research model that was premised on Kanter's structural empowerment framework.    
Hofstede’s Cultural Dimensions Model: by introducing dimensions of cultural 
(power distance, masculinity/femininity, collectivism/individualism, and ambiguity 
avoidance), Hofstede (2003) posited that the degree to which the culture of an 
organisation curtails members’ freedom through initiation and action plays a key role 
in preventing employee empowerment. Excessive organisational regulations, high 
power distance and avoidance of ambiguity have been known to curtail individuals’ 
freedom (Srite, 2000). In a similar manner, insufficient focus on individual viewpoints 
in collective organisations has also been known to affect their freedom of action 
(Sadeghi et al., 2013). Likewise, an overbearing focus of competition in masculine 
organisations results in heightened pressure and curtailed productivity in an individual, 
which then results in external motivation and the destruction of internal satisfaction 
(Deci and Ryan, 2000). Considering all these points aforementioned, the present 
research plans to investigate the relationship between cultural organisation based on 
Hofstede’s cultural dimensions as well as employee empowerment.  
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In this study, the researcher proposes a shift away from the direct and narrow concept 
of environment (like the workplace) to a broader framework as well as a concept of 
indirect of the environment (like organisational culture). The reason behind obtaining 
this proposal is that culture is one of the most significant, stable and long-lasting 
factors that impacts behaviour as well as cognition. Furthermore, cultural issues also 
serve as barriers towards successful implementation of TPM. Thus, the current 
research takes an essential step in the development of proactively integrating culture 
into the realm and constructs of employee empowerment. Hofstede’s theory also 
assumes that cultural values and dimensions impact an employee empowerment. 
Moreover, employee empowerment are intrinsic needs for operators to participate in 
maintenance activities (Mad Lazim and Ramayah, 2008).  
There is almost no research has tackled the issue of how culture affects the 
employee empowerment with autonomous maintenance (operators) participation 
in the power industry. By carrying out such a study will make a contribution towards 
building upon existing body of knowledge and hence understanding of the way culture 
affects the employee empowerment with autonomous maintenance (operators) 
participation. Based on the aforementioned theoretical framework (Figure 4.5), the 
following hypotheses can be postulated:  
H1: Employee empowerment has a direct impact on participation of autonomous   
maintenance (operators) in the power plants.  
H2: Power distance has a direct impact on employee empowerment.  
H3: Masculinity has a direct impact on employee empowerment.  
H4: Collectivism has a direct impact on employee empowerment. 
H5: Avoidance of uncertainty has a direct impact on employee empowerment. 
The theoretical research model is illustrated in Figure 4.5, wherein Hofstede’s cultural 
dimensions are viewed as exogenous constructs whereas, the variables of employee 
empowerment as well as participation of autonomous maintenance (operators) are seen 
as endogenous constructs. For clarity, hypotheses are expressed in the alternative 
mode, whilst recognising statistical resting is undertaken against the null. 
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Developed by Author 
 
4.10.4 Sampling Strategy and Size  
Snowball sampling was used for this study; it is a famous methodology of survey 
sample selection frequently used to trace hidden populations (Heckathorn, 1997). The 
researcher used this strategy to recruit people who are often difficult to identify due to 
critical issues shown in the questionnaire that asked them about current maintenance 
practices and organisation culture. When no sampling frame is available, researchers 
required to select the non-probability sampling strategy (Saunders et al., 2019). On the 
other hand, probability sampling techniques generate low rates of response and replies 
that lack openness (Heckathorn, 1997). In this research study the boundaries and size 
of the population are unknown. Also accessing populations within Abu Dhabi power 
plants is difficult due to high-sensitivity subjects that contained within research survey 
(questionnaire). Thus, snowball sampling can ease the process of data collection. This 
sampling technique works similar to a chain referral. After closely observing the 
subject, the researcher seeks assistance from the subject to identify people who have 
similar interest levels. Moreover, the researcher met with respondents in the canteen 
Figure 4. 5 Theoretical Framework 
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(informal meetings) and explained to them how information collected will be kept 
strictly confidential, privacy and anonymity. However, this approach does entail some 
limitations, which include procedures of non-random selection, relationship between 
selection probabilities and network size, excessive dependence on subjective calls 
taken by informants, and concerns related to confidentiality. Bias exists, but the 
researcher cannot control it due to nonrandom selection of samples through this 
strategy. On the other hand, the recruiter tried to avoid operative staff (multinational) 
who have issues and difficulties with English language because the questionnaire is 
written in English. However, the researcher suggests that further research improvement 
should select those staff with English difficulties and let them participate with the same 
questionnaire that need to be translated to their language. The researcher did not 
translate the questionnaire to different languages due to issues that may appear in 
translation through providing different meaning in each culture. In addition, if 
translation does not contain original ideas and concepts, the meaning may become 
distorted, and the emphasis of the message will be diminished. Bad translation in 
different languages may cause ambiguity and misunderstanding. Thus, the researcher 
avoided translation of the questionnaire to different languages. On the other hand, its 
advantages include ease of process, lower cost and greater efficiency (Heckathorn, 
1997). Furthermore, participants were targeted on companies which were believed to 
be experienced in operations and maintenance of power plants, especially in the power 
sector. Furthermore, participant organisations were chosen on the basis of three main 
categories namely power distribution, transmission, and generation. The size of sample 
was designed to attract the attention of a more widespread population than in case just 
one or two specific groups were targeted. Operations and maintenance staff in such 
organisations were selected and these included engineers, maintenance planners, 
technicians, and operators. Sample size for quantitative approach (questionnaire) is 
identified based on the number of workforce, their capability in English language and 
experience in maintenance, operation and asset management of power plants. Based on 
the permission and approval from ADPower (see Appendix F), the researcher could get 
access to only three power companies across Abu Dhabi to distribute his questionnaire. 
Thus, most operative staff who have the ability to read, write and speak English 
language were selected. Sample size represents the power generation, transmission and 
distribution organisations where 77, 82 and 91 samples respectively were chosen to 
participate in this research study. 
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Selecting the minimum size of sample is significant in providing robust statistical 
results and generalising the theoretical model. Conversely, structural equation 
modelling, using partial least squares path analysis (SmartPLS software version 3.0), 
was performed to test the hypothesised model. Thus, the researcher needs to perform 
the statistical analysis that recommended by Hair et al. (2017) to identify the minimum 
size of sample. They reported that based on the rule of thumb, the minimum size of 
sample need to be 10 times the maximum number of arrows pointing at construct 
(within the PLS-SEM path model). They recommended to utilise G*Power programme 
to perform power analyses particular to setups of model. They argued that scholars 
need to select the minimum size of sample to detect minimum values of R² (0.10, 0.25, 
0.50 and 0.75) associated with the endogenous constructs in the PLS-SEM structural 
model (for significance levels of 10%, 5% and 1%). They also stated that minimum 
level of statistical power of 80% should be used during analysis stage in G*Power 
programme. However, the researcher performed analysis with 95% as statistical power 
level in the programme and maximum number of arrows pointing at a construct was 
10. After running the analysis, the programme suggested 166 as the total sample size to 
attain a statistical power of 95% for identifying values of R² of at minimum 0.25 (with 
a significance level 5%), see Figure 4.6. However, the researcher aimed to have more 
than 200 participants to achieve the second objective of this research study. Larger size 
of sample will enable the researcher to better determine the critical cultural barriers 
and human factors (processes orientation) that could serve as obstacles towards the 
successful implementation of a TPM programme in the context of Abu Dhabi power 
plants (Farrell et al., 2016). Thus, a study sample of 250 ∑𝑛𝑘=250  was chosen to attain 
a target response of 206 returned questionnaires on the basis of the predications of a 
response rate of 82.5%, which was in line with findings of the pilot survey. Data were 
collected from 250 professionals in the Abu Dhabi power plants using a hand-
delivered questionnaire. A total response rate of 89.6% was achieved with the receipt 
of 250 out of 224 responses. This was viewed as a reasonable number provided that it 
would denote a sample of convenience in light of the above mentioned study 
constraints. All the completed questionnaires were examined individually to ensure 
their successful completion. In this study, bias of non-response was not a concern since 
data was gathered using enumerators via one-on-one interaction with the target 
participation of respondents.  
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Snapshot of G*Power Programme Analysis  
4.10.5 Pilot Study 
Saunders et al. (2019) argued that researchers need to conduct pilot study to confirm 
the validity of research survey as intended. Easterby-Smith et al. (2015) discussed that 
questionnaires design can be improved through testing the content and construct 
validity. Carrying out the pilot studies has been recommended by many authors in the 
literature (Saunders et al., 2019; Bryman, 2016; Farrell et al., 2016; Easterby-Smith et 
al., 2015; Creswell, 2014). According to Farrell et al. (2016), piloting is totally 
significant in studies that involve questionnaires, which pertains to getting constructive 
feedback. A pilot study is considered during the design of research and it is carried out 
to collect data before the main study and test logistics (Creswell, 2014). Moreover, 
Bryman (2016) advocated the efficacy of pilot studies premised on the fact they help in 
Figure 4. 6 Calculate Required Sample Size 
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the preparation for any adverse techniques, events, and redesign that are found to be 
relevant.  
The pilot study was conducted using a snowball sampling (Heckathorn, 1997). A 
sample comprising of three participant organisations in Abu Dhabi was selected based 
on their experience in operations and maintenance of power plants, particularly in the 
power sector and included power generation, transmission as well as distribution 
organisations. The sample size was 40 and consisted of engineers, maintenance 
planners, technicians, and operators across three different types of Abu Dhabi power 
organisations. A response rate of 82.5% was achieved with the receipt of 33 out of 40 
responses to the pilot study. Furthermore, very few suggestions and changes were 
made by respondents which delivered fruitful insights to questions, sequence, clarity, 
wording, content and design of the questionnaire. The researcher has revised and 
modified the questionnaire based on respondents’ suggestions to confirm that the 
questionnaire was understood, clear and was going to attain objectives of this research 
study. The researcher assessed the research instrument validity through two main 
types: content and construct validity. Procedures development of research instrument is 
the significant issue in content validity. The subsequent organised procedures were 
designed by the researcher to deliver evidence for the content validity:  
 The researcher adopted every single construct, variable and multiple items that 
were carried out from the previous theoretical and empirical work of TPM 
implementation, organisational culture, technical and operational barriers and 
structural empowerment; 
 
 The design of Likert-Scale was pre-tested through utilising personal interviews 
with two experts from power industry and two senior academics at the University 
of Bolton to provide valuable comments about any lack of clarity or difficulty in 
the scale items; 
 
 The researcher selected the respondent types based on the previous empirical 
studies related to TPM literature; 
  
 Carrying out pilot study before commencing the main data collection and 
fieldwork; 
 
 The researcher provided complete instructions to the participants on how to answer 
the whole research survey (questionnaire). The participants were clearly informed 
about the main aim of this research study.   
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Highlighting any abnormalities and inconsistences at such an early stage allowed the 
questionnaire to be improved and modified suitably as part of the research design. In 
this study, modifications followed an articulate process to check the grammar and 
spelling of statements through the feedback of consultees, which included the PhD 
supervisor as well as an experienced professional practitioner who was experienced in 
the power industry. The researcher also undertook the modification of the 
measurement design “Likert scale” of questionnaire by using a seven point rather than 
a five point Likert scale owing to its high reliability, according to Dawes (2008).The 
redesigned questionnaire was deemed more stable and purposeful after the 
aforementioned modifications were made. 
Conversely, the researcher performed construct validity through using Cronbach's 
alpha test to evaluate if Likert scale and multiple-question are reliable. This test is used 
to measure the reliability of internal consistency of questionnaire’s items for each 
construct. It represents how strongly correlated the items of one specific construct 
(Easterby-Smith et al., 2015). It has been reported by Hair et al. (2017) that for social 
science studies the acceptable level of Cronbach's alpha reliability is between 0.6 and 
0.7. The researcher utilised SPSS software to perform this analysis and he found that 
Cronbach's alpha coefficient for all items and construct of questionnaire has greater 
than 0.7. The researcher confirmed that there was not any issues or problems 
associated with construct validity.   
4.10.6 Methods of Analysis 
This research study uses quantitative method for the purpose of data collection. It also 
used statistical techniques to undertake the analysis of data sourced from the 
questionnaires to interpret and analyse the research’s results. Statistical and numerical 
analysis was undertaken through Statistical Package for the Social Sciences, version 25 
(SPSS) software, whereas SmartPLS (version 3.2.4) software that employs the concept 
of partial least squares-structural equation modelling (PLS-SEM) was utilised for 
examining the complex relationship between independent variables IV (signified by 
Hofstede cultural dimensions and factors of structural empowerment) and the sole 
dependent variable DV (participation of autonomous maintenance in power plants). In 
this study, the researcher considered PLS-SEM due to exploratory nature of the present 
study (Richter et al., 2016) and lack of empirical research related to the 
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aforementioned variables. Thus, he used this approach to test new theory since there is 
no literature that examines the casual relationship between cultural dimensions, 
structural employee empowerment and participation of autonomous maintenance in the 
power industry. The second reason for considering PLS-SEM is focus on prediction 
and development of new knowledge (Hair et al., 2017).  
The first section of analysing questionnaire included carrying out an analysis of 
personal demographics; identifying the critical issues related to organisation type, 
education levels, work experience, age, gender and different nationalities of 
workforces. The second and third parts of analysing questionnaire comprised 
performing analysis of factors affect TPM execution; identifying the critical barriers 
(technical and cultural) affecting successful TPM implementation in the power plants. 
SPSS software is used to analyse the aforementioned parts of analysing questionnaire. 
The fourth, fifth and sixth sections of analysing questionnaire contained testing of 
research model hypotheses through examining the potential impact of organisational 
culture and structural empowerment on autonomous maintenance (operators) 
participation in maintenance activities. SmartPLS 3 software is utilised to analyse the 
aforementioned parts of analysing questionnaire.  
4.10.7 Process of Developing Findings and Conclusions 
SPSS software is utilised to produce descriptive statistics analysis related to second 
objective of this research study “To determine the critical cultural barriers and human 
factors (processes orientation) that could serve as obstacles towards the successful 
implementation of a TPM programme”. Descriptive statistics analysis was conducted to 
identify the critical barriers (technical and cultural) affecting successful TPM 
implementation in the power plants. These barriers are responsible for poor and 
inadequate implementation of TPM practices on the basis of two dimensions: existing 
maintenance practices (technical issues) as well as organisational culture factors. It 
includes 16 barriers responsible for poor implementation of TPM practices. These 
barriers (variables) were ranked using the respondents’ mean and standard deviation 
responses. 
On the other hand, SmartPLS 3 software is used to generate inferential statistics 
analysis associated with the third objective of this study “To examine the potential 
impact of organisational culture and structural empowerment on autonomous maintenance 
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(operators) participation in maintenance activities”. Inferential statistics analysis was 
performed to test hypotheses of research model through examine the measurement and 
path models. Based on the results and findings, narrative was further developed into 
discussion, conclusions and recommendations for further studies. Here, the researcher 
provided details and steps about generating results through PLS-SEM. 
Structural Equation Modelling (SEM) refers to second-generation multivariate data 
analysis method commonly used in business research owing to its ability to 
theoretically test linear as well as additive causal model (Richter et al., 2016). In 
addition, SEM can be utilised to treat unobservable, difficult-to-measure hidden 
variable (latent variables) for tackling problems of research (Wong, 2013). SEM has 
two approaches: CB-SEM (Covariance-Based) and PLS-SEM (Partial Least Squares or 
PLS Path Modelling). Notably, CB-SEM has been implemented widely in the domain 
of social science, and remains the preferred method of data analysis to either reject or 
confirm theories by testing out hypothesis, particularly in cases when the sample is 
large. In these cases, the data is distributed in a normal manner whereas the model is 
accurately specified - in other words, when appropriate variables are linked together to 
convert theory into a structural equation model. To that end, CB-SEM specifies how 
well a potential conceptual model can anticipate the covariance matrix for a sample set 
of data (Hair et al., 2017). On the contrary, PLS-SEM is mainly utilised to develop 
theories in the context of an exploratory research with an emphasis on explaining the 
variance (R² square) in dependent variables whilst examining the model. SEM-PLS 
also handles all data types, ranging from nonmetric to metric by making minimal 
assumptions about the data characteristics (Hair et al., 2011). Furthermore, SEM-PLS 
has high flexibility compared to the multiple regression (older method) and it primarily 
focuses on variances explanation (instead of covariances), thus implying that it entails 
prediction-oriented approach (Ali et al., 2018; Hair et al., 2017) which can be done by 
using software such as VisualPLS, PLS-Graph, SmartPLS, and WarpPLS. As a soft 
modelling approach to SEM, PLS does not make any assumptions about the 
distribution of data. Therefore, it is seen as a suitable alternative to CB-SEM when 
encountering the following scenarios (Wong, 2011): 
 Size of sample is small; 
 Applications lack availability theory; 
 Accuracy of predictions is imperative; 
 It is not possible to ensure correct model specification;  
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 Definition of Normal Distribution is free. 
 
Peng and Lai (2012) argued that PLS-SEM typically necessitates an appropriate size of 
sample at least 10 times greater than the highest number of the indicators of the 
variable (construct). This research used the SmartPLS 3.0 software to perform the 
analysis using the bootstrapping technique (with 1000 sub-samples) utilised to estimate 
T-statistic and identify path coefficient significance (Sadeghi et al., 2013). This 
bootstrapping technique is also used to enhance the measurement and structural 
research model. Furthermore, the researcher adopted a two-step approach related to 
SEM-PLS, based on the findings of Anderson and Gerbing (1988). The first step is an 
evaluation of measurement model that is used to check the reliability and validity of 
research constructs and measuring instruments within the research model. The second 
step is an evaluation of structural model that is utilised to examine path coefficients 
(hypotheses) between the model’s constructs thereby highlighting the path significance 
of the research model. 
 Measurement Model 
The first step is an evaluation of measurement model that is used to check the 
reliability and validity (convergent and discriminant validity) of research constructs 
and measuring instruments within the research model. The researcher analysed the 
measurement model for the purpose of convergent validity through, composite 
reliability (CR), Cronbach's Alpha, factor loadings, and average variance extracted 
(AVE) (Hair et al., 2017). CR and Cronbach's Alpha values, which signify the extent 
to which the constructs’ indicators indicate the latent variable (construct), went beyond 
0.7, the recommended value (Hair et al., 2017). On the other hand, AVE indicates the 
overall variance amount within the indicators taken into consideration by the latent 
variable (construct). It exceeded 0.5, which is again the recommended value (Hair et 
al., 2017). The researcher also investigated discriminant validity by making a 
comparison of AVE’s square root with the correlations established between the 
variables. In case this correlation was found to be less than the AVE’s square root, it 
could be inferred that these variables had distinct theoretical bodies (Ali et al., 2018; 
Hair et al., 2017; Fornell and Larcker, 1981). Table 4.8 summarise the main steps and 
requirements for analysis of measurement model.  
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 Structural Model 
The second step is an evaluation of structural model that is utilised to examine path 
coefficients (hypotheses) between the model’s constructs thereby highlighting the path 
significance of the research model. The researcher also made use of SmartPLS 3.0 so 
as to analyse the variance (R² square) in dependent variables whilst examining the path 
(structural) model and testing the hypotheses (Hair et al., 2017). Accordingly, a 
bootstrapping procedure involving 1,000 iterations was undertaken so as to examine 
the statistical elements associated with T statistic and path coefficients significance 
between constructs of research model (Chin et al., 2008).  
4.11 Current Research Process of Modeling and Simulation 
Approach 
Applying mathematical modeling through maintenance optimisation models can serve 
as an additional boost to speed up the implementation and success of TPM (Lawrence, 
1999; Ng et al., 2011). Simulation is an operational tool to evaluate the proposed or 
existing system performance, over long real time periods and under different interest 
configurations. Monte Carlo simulation is used by several authors like Barata et al. 
Table 4. 8 Checking Validity and Reliability of Measurement Model  
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(2002) and Chen and Popova (2002) to determine the optimal maintenance strategy 
(i.e. maintenance costs optimisation) and for modelling deterioration equipment. 
Sarker and Haque (2000) developed a simulation model for reducing inventory and 
maintenance costs of manufacturing systems. On the other hand, Analytic hierarchy 
process (AHP), is used by Bevilacqua and Braglia (2000) to select the optimal 
maintenance policy for oil refineries. Similar attempts by Labib (1999) who provides a 
proposed framework of appropriate productive maintenance based on AHP analysis for 
generating optimal maintenance decision regarding maintenance tasks. Furthermore, 
artificial neural networks (ANN) are used by Bevilacqua et al. (2005) to predict failure 
rate based on prognostic techniques.  
Power systems have many different elements; the power transformer is the most 
expensive element and its faults can be very costly (Hernandez and Labib, 2017). 
Power transformers are responsible for power transmission and distribution. The main 
function of transformers is to step-up or step-down voltage levels at substations. More 
details about power transformers can be seen in Appendix I. Negative economic 
impacts in electrical networks are often caused by unplanned outage of power 
transformers. It is important to determine any problems from an early stage, before 
disastrous failure occurs. Accurate identification of problems supports reliable power 
transformer operation. Alongside predictive and corrective maintenance, preventive 
maintenance may be considered more important, and it should be implemented to 
guarantee as far as possible the highest performance and reliability of power 
transformers. In this research, historical data of power transformers in Abu Dhabi 
power industry is used to conduct simulation analysis. This research study exposed a 
gap in the lliterature about integrating maintenance optimisation models and the TPM 
approach within the power industry context, particularly with regard to participation of 
autonomous maintenance. In addition, the fourth objective of this research “to appraise 
the impact of effective prognostic technique (Predicting Remaining Useful Life) on 
successful implementation of TPM based on degradation analysis through utilising AI 
technologies” aims to utilise maintenance optimisation model (prognostic technique 
based on degradation data and analysis) by operators to predict the potential failure of 
critical asset before occurring. On the other hand, the fifth objective “To examine how 
the role of Reliability Centred Maintenance (RCM) supports successful implementation of 
TMP based on selecting optimum maintenance interval and costs through utilising AI 
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technologies” intends to integrate RCM and TPM through utilising maintenance 
optimisation model by operators to select the optimum maintenance actions at lower 
maintenance costs. Furthermore, Labib (2004) argued that Weibull distribution 
analysis plays a significant role in decision-making for maintenance strategies between 
repairs and replace based on the value of Weibull shape parameter (β). Thus, the 
researcher considers Weibull distribution analysis for degradation and RCM cost 
analysis.  
Therefore, the researcher utilised Availability Workbench (AWB) Monte Carlo 
simulation + ReliaSoft’s Weibull simulation to build a proposed solution based on 
operational steps and utilisation of a simulation model to empower and enable 
participation of autonomous maintenance (operators) in maintenance activities in the 
power industry. 
4.11.1 ReliaSoft’s Weibull Simulation 
The needs and significance of TPM is well understood in many different industries. 
However, there has been almost no research applied in this area within Abu Dhabi 
power plants. Maintenance strategies move to predictive maintenance activities 
through utilisation of RUL and prognostic information modeling. Simulation modeling 
based on prognostic analysis is a new subject area of research. Thus, many scholars in 
the literature discuss how to model behavior of equipment deterioration through fitted 
model utilisation for example, Weibull, exponential and normal distribution (Dekker, 
1996). Most power organisations just follow recommendations of OEMs and do not 
benefit from mathematical modeling based on AI technologies and excellence in 
maintenance. Previous empirical studies stated that PM policy in the power sector 
requires improvement, taking advantage of using maintenance optimisation models 
based on prognostic analysis and condition-based maintenance. Thus, this research 
aims to investigate the critical factors that affect successful implementation of TPM 
programmes in the Abu Dhabi power industry environment. Concurrently in the same 
context, it also has fourth objective “to appraise the impact of effective prognostic 
technique (Predicting Remaining Useful Life) on successful implementation of TPM based 
on degradation analysis through utilising AI technologies”. The researcher needs to 
determine if prognostic techniques can be critical success factors in both pillars of 
TPM: planned maintenance and autonomous maintenance pillar. Further, condition 
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monitoring in electrical networks provides useful data to maintenance staff to support 
activities such as: the planning of operation and maintenance activities; assessments of 
condition of equipment; predicting the remaining life of electrical assets, and 
discovering areas of further development and improvement. A power organisation in 
Abu Dhabi power industry (DX Company) was used as a case study to source data for 
the study to determine the successful TPM implementation. DX Company conducts 
DGA as an off-line condition monitoring technique to measure the power 
transformer’s paper insulation by determining the degree of polymerization (DP) 
values. Inspection is conducted yearly to gather DP values of paper insulation. The 
paper is considered failed if the DP value is less than 200 (this is equal to the “F” point 
in the P-F curve). The normal range of DP value is between 1000 and 1200. Moreover, 
a warning paper degradation level of 300 DP has been identified as critical 
degradation. If the DP values is less than 300, this is considered to be a sign of 
potential failure (this is equal to the “P” point in the P-F curve). The state of paper 
insulation is very strong (electrical and mechanical strength) when the DP value of the 
power transformer is 1000 and above. Hillary et al. (2017) stated that life expectancy 
of power transformer is between 25-40 years. The lifespan of power transformer is 
associated with the ageing rate and condition of the paper insulation (Hosseinkhanloo 
et al., 2020). On other hand, ReliaSoft’s Weibull simulation can analyse the power 
transformer’s paper degradation by using DP values from condition monitoring data 
and hence estimate the P-F interval (Reliability Hot-Wire, 2007). Schmidt and Wang 
(2016) discussed that the P-F curve is significant for industrial assets; understanding 
the real meaning of this curve will lead to the implementation of appropriate 
maintenance strategies. Predictive maintenance programmes are therefore important 
during the P-F interval to detect component failures. It facilitates decisions to replace 
or repair parts of systems before faults occur, hence optimising maintenance costs. 
Figure 4.7 illustrates how predictive maintenance can detect problems early during the 
P-F interval by using predictive technologies linked with predictive maintenance. On 
the other hand, some failure modes of a single component can lead to complete failure 
of the whole system thus predicting potential failure of a single part in the equipment is 
significant for optimising maintenance activities (Guldenmund et al., 2006). Similarly, 
power transformers based on a single failure mode, such as degradation of paper 
insulation (DP values) can cause the failure of a whole transformer. Therefore, the 
researcher selected degradation analysis of paper insulation to conduct this simulation 
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and show how participation of autonomous maintenance can be predicting the RUL of 









Source: (Schmidt and Wang, 2016) 
Historical data from power transformers for five critical power distribution stations 
was collated. Power transformer paper degradation degree of DP values were taken 
from condition monitoring data for a twenty-year period, to perform required 
simulation analysis of prognostic techniques. Paper degradation data (Raw Data) can 
be seen in Appendix J. The research presents a simulation example constructed on the 
basis of transformer’s paper insulation degradation results, in addition to a prediction 
of a potential failure curve for power transformer. The analysis required the application 
of ReliaSoft's Weibull++ 9 software to estimate the potential failure time of power 
transformers and hence select the correct maintenance policy based on a TPM strategy. 
The following steps determine how the paper degradation analysis was conducted: 
1. Select five critical power distribution stations out of 100 substations (M20-AD-
GRD, M64-AD-GRD, M123-AD-PRY, M137-AD-GRD and M196-AD-GRD); 
 
2. Select the degradation analysis from the main control panel tab of the ReliaSoft's 
Weibull++ 9 software;  
 
3. Extract the condition monitoring data of the paper insulation (DP values) for these 
critical substations from 2006 until 2010; 
 
Figure 4. 7 How PdM Detects Problems Early During P-F Interval 
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4. Insert DP values of these critical substations in the Weibull++ software 
(degradation analysis); 
 
5. According to this failure mode (failure of paper insulation), select the suitable 
degradation model (Exponential Distribution) from the main control panel tab of 
the ReliaSoft's Weibull++ 9 software (degradation analysis); 
 
6. Set the critical degradation to 300 in the main control panel tab of the ReliaSoft's 
Weibull++ 9 software (degradation analysis); 
 
7. Run the simulation to generate a plot of degradation versus time that shows the 
warning limit (“P” point of P-F curve) and functional failure of paper insulation 
(“F” point of P-F curve). 
 
After running the simulation, results will be generated to allow the P-F interval values 
to be estimated. When P-F interval is predicted, and based on criticality analysis, 
operators can allocate the right maintenance tasks. Before the simulation analysis was 
applied it was essential to first evaluate the reliability and validity of this instrument to 
confirm that the findings would be valid and reliable. 
4.11.2 Availability Workbench (AWB) Monte Carlo Simulation 
Autonomous maintenance can help manufacturing companies to reduce maintenance 
cost (Mad Lazim and Ramayah, 2010). The results to be drawn from the research 
conducted by Mad Lazim et al. (2013) are that the leadership of TPM teams and 
communication are not clearly perceived by those at the level of operators and other 
sections and divisions. The TPM team does not have ability to recognise actions that 
can efficiently help maintenance cost reduction. Concurrently in the same context, the 
research also has objective “To examine how the role of Reliability Centred Maintenance 
(RCM) supports successful implementation of TMP based on selecting optimum 
maintenance interval and costs through utilising AI technologies”. Traditional activities of 
PM strategy have a main role in the power sector however; the scheduling of an 
effective PM task needs justification about selection of PM frequencies and 
procedures, and the use of expert feedback to measure efficiency and areas requiring 
development and improvement. Mahfoud et al. (2018) elaborated that 
recommendations of original equipment manufacturers (OEMs) for PM need to 
highlight the need of applying evidence-based maintenance measurements. 
Conversely, Baglee and Knowles (2010) discussed that the cost of repairing the 
equipment in reactive mode can be three times higher than the cost of repair using a 
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preventive maintenance strategy. Thus, operators need to participate in RCM cost 
analysis through utilising AWB software (maintenance optimisation model) to select 
the optimum PM or maintenance policy/strategy as well as optimal interval of 
conducting maintenance activities with lower maintenance costs. 
A power organisation in Abu Dhabi power industry (DX Company) was used as a case 
study to source data for the study. A statistical approach is used to test the crucial role 
of operator participation, particularly in maintenance activities. In addition, 
maintenance information obtained from expert operators is assessed with reference to 
actual operating regimes, through the proposed modelling approach. A summary of 
one-year historical data for critical components of power distribution transformers 
such as On Load Tap Changer (OLTC) were collated (see Appendix K). The 
performance report of DX Company showed that the highest failure rate was 42% in 
this critical component of power transformers as compared with other components 
(McKinsey, 2010). Furthermore, power transformers can experience unplanned 
outages, which impacts economically on electrical networks, thus prior to any problem 
escalating into a disastrous failure, early issue identification is necessary. Reliable 
power transformer operation is achieved through accurate problem identification. In 
transformers, the highest failure mode is the OLTC that is used as a mechanical 
switching device. It is highly vulnerable subassembly and expensive. According to the 
failure statistics of different transformer components reported by CIGRE (Jongen et 
al., 2007), the highest failures and outages occur to OLTCs compared to other 
components in transformers.  
When the OLTC is unable to efficiently function in changing turns ratio without 
interrupting the load current, it is termed as the OLTC failure mode, which is typically 
classified as mechanical, electrical, and thermal. OLTC failures may also be caused by 
component deterioration and inadequate maintenance. One of the major factors leading 
OLTC to functional failure is improper maintenance, with the highest percentage of 
26.6% (Kang et al., 2000). Further, on OLTCs, FMECA have been conducted for study 
analysis, and are illustrated based on RCM information worksheets, see Table 4.9. The 
integration of industry 4.0 technologies (simulation modeling) within maintenance 
framework strives to decrease failure time and prolong the lifecycle of critical asset 
through optimising its maintenance costs, reliability and availability. As Abu Dhabi 
power industry relies on outsourcing for conducting heavy maintenance programme of 
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power transformers that contains rehabilitation and major repairs. Performing this kind 
of maintenance practice is very costly. It seems that there is no concrete evidence that 
Abu Dhabi power industry has a clear vision and strategy towards continuous 
improvement and development in maintenance strategies (McKinsey, 2010). Thus, the 
researcher proposed an innovative TPM programme based on AI technologies and 
participation of operators in maintenance activities within Abu Dhabi power plants to 
optimise the maintenance practices and hence avoid critical failure and major repairs in 
advance.
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Developed by Author  
 
 
Table 4. 9 Implementing FMECA on Critical Part of Power Transformer (On Load Tap Changer) 
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Furthermore, the researcher developed a methodology to integrate RCM (Monte Carlo 
simulation) within TPM framework and CMMS through empowering operators and 
utilising proactive maintenance based on industry 4.0 and AI technologies like 
predictive maintenance and online condition monitoring techniques. However, it is 
worth noting that this example at the moment would not contain maintenance actions 
by operators. It provides guidelines to operators, asset managers and decision makers 
about its effective implementation across power plants through using historical 
maintenance data of the case study. The developed methodology is verified on a 
typical Abu Dhabi power plants to validate the performance and effectiveness of the 
proposed technique. The limitation only is the real participation of operators in the 
field to carry out this proposed methodology. Conversely, the researcher performed 
Monte Carlo simulation to analyse the optimal maintenance strategy/interval and attain 
lower lifecycle costs. This simulation is utilised to model the potential of different 
failure causes in power plants that cannot easily be anticipated due to the random 
failures (modes) interference. Effective utilisation of Monte Carlo simulation leads to 
understand the effect of uncertainty and risks in forecasting and predication models 
(Lawrence, 1999; Ng et al., 2011) and hence offers convenience for operators through 
updating them about optimum maintenance strategy with interval and costs (Oleghe 
and Salonitis, 2019). Innovative FMECA tool of RCM with autonomous maintenance 
of TPM pillars can fit the specific parameters and needs of the power industry where it 
is carried out. An integrated method of TPM (operators), RCM (Build FMECA within 
Monte Carlo simulation tools) and CMMS will eventually optimise maintenance 
decisions from task, budget and time perspective. The RCM part is an expert tool that 
provides the optimal maintenance decisions and computes the different numerical 
parameters of maintenance job. The CMMS part is mainly utilised to provide update 
information and feedback to RCM part from operational data of power plants that 
involves labor, spare parts and downtime costs. The TPM part is based on the ability of 
operators to participate in conducting this proposed methodology. The use of 
simulation by operators will lead to predict the optimum maintenance strategy 
associated with safety, operational and environmental criticality analysis. The 
simulation considers different factors like maintenance strategy, failure rates and 
parameters, effect of failure, equipment, spare parts, labor and specialists. Figure 4.8 
shows simplified modeling of RCM process.          
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The functional model within RCM process modeling can be divided into 6 categories 
of function, see Figure 4.9. Beginning with an assessment of system/component, the 
researcher here selected OLTC component of power transformer due to its high failure 
rates in power industry (Abu Dhabi Water and Electricity Authority, 2016). In 
addition, within the functional failure assessment, FMECA was carried out. The 
process confirms that the deterioration models and fault propagation for power 
transformers are identified based on RCM information worksheets. Decision of 
maintenance strategies is generated based on RCM decision worksheets. The 
researcher defined the maintenance tasks for OLTC based on OEM recommended 
maintenance jobs. The results from executing the suggested maintenance actions can 
be either “as bad as old” or “as good as new”. The level classification of maintenance 
task is significant to determine the suitable maintenance actions and their anticipate 
costs, utilised for purposes of maintenance optimisation. There are numerous methods 
in optimising tasks of maintenance. Here, the researcher utilised Weibull distribution 
to fit time to the failure behaviour of OLTC through simulation modeling. Labib 
(2004) discussed that Weibull distribution analysis has the capability to fit failure data 
and optimises maintenance tasks through identifying the optimal repairs and replace 
strategies based on the value of Weibull shape parameter (β). The generated report 
utilising the maintenance data and knowledgebase of RCM is utilised to verify the 
accuracy and correctness of the adopted results. However, these results can be 
validated through performing the real application by operators.
Figure 4. 8 Simplified Modeling of RCM Process 
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Figure 4. 9 Functions Breakdown Structure of RCM Process 
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Selection of maintenance strategy is a significant in the modeling of RCM process. It is 
potential for each component or system to have single or many maintenance tasks 
based on its operating conditions. Thus, the researcher selected the preventive 
maintenance (PM) based on condition-monitoring maintenance. Figure 4.10 shows the 
classifications of maintenance strategies. In addition, the simulation was identified and 
optimised the most effective strategy based on RCM decisions worksheets. The RCM 
decision tree is the main engine to generate the optimum maintenance strategy 
(Moubray, 1997; Gabbar et al., 2003; Crespo Márquez et al., 2009; Braglia et al., 
2019) that involves optimal interval and lower maintenance costs.       
Source: (Moubray, 1997) 
Furthermore, the researcher was developed the hierarchy of FMECA for power 
transformer/OLTC within AWB software, see Figure 4.11. It represents the hierarchy 
of power transformer and its subsystem block diagram. The researcher built these 
blocks based on power transformer and its items functions, functional failure and 
causes of fault. In addition, each failure mode is associated with analysis of failure 
effects and requirements of the subsequent spare part, labor, and equipment. On the 
other hand, operators need to collect the historical data from CMMS system that 
related to critical assets like power transformer to analyse these data through utilising 
Weibull distribution analysis within AWB (utilise Monte Carlo Simulation to model 
random failure) software. 
Figure 4. 10 Classification of Maintenance Strategies 
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Snapshot from Author’s Analysis within AWB Software
Figure 4. 11 Hierarchy of FMECA for Power Transformer within AWB Software 
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This proposed methodology aims to provide operators with decisions maintenance 
tools that support in making effective decisions associated with optimum maintenance 
strategies for their routine maintenance activities. The input data have two main types 
within AWB software: qualitative data (building of FMECA hierarchy) and 
quantitative data (failure rates, maintenance costs related to spare parts, labor and 
failure effects). The selection of maintenance strategies interface is utilised to calculate 
and record each strategy benefit and hence to select optimal decisions, see Figure 4.12. 
The process of Monte Carlo simulation determines the environmental, operational, and 
safety and costs consequences directly related to the failure causes. These 
consequences and maintenance costs consider the selected strategy and failure 
parameters related to the failure modes. 







Snapshot from Author’s Analysis within AWB Software 
 
In this Abu Dhabi power distribution organisation (case study – DX Company), the 
maintenance strategy optimisation of OLTC has been performed through many actions 
comparing the most impact of executing different maintenance policies. This method 
of optimisation is developed with both a quantitative and qualitative RCM approach 
that using simulation modeling. The iteration approach is carried out during simulation 
and modeling stage to calculate the optimum maintenance interval. Figure 4.13 
summarises the approach of RCM modeling.       
Figure 4. 12 Selection of Maintenance Strategy Interface 
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On OLTCs, FMECA have been conducted for study analysis. In addition, analysis has 
been conducted with each area of OLTC for each of the associated PM including the 
maintenance costs for spares parts, labor, and downtime. The research presents a 
simulation example constructed on the basis of failure mode results, in addition to a 
graphical display of a cost curve for optimum preventive maintenance schedule. To 
conduct this analysis, the application of AWB software was required. This application 
uses Monte Carlo Simulation and therefore, it optimises PM activities of OLTCs and 
maintenance costs. The following steps summarised how numerical data of PM 
optimisation on OLTCs has been collected (Refer to Appendix K for Raw Data): 
1. Build FMECA for OLTCs in the AWB software. 
2. Enter the failure costs (labor, spares, downtime, and effects costs) for each failure 
mode of OLTCs extracted from Table of FMECA. 
3. Enter the criticality values associated with safety, operational and environmental 
severity.  
Figure 4. 13 Process Implementation of RCM Modeling 
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4. Enter the failure rate parameters and select the Weibull distribution to model the 
failure modes of OLTC with shape parameter (β) and scale parameter (η). 
 
The researcher utilised the modeling and simulation approach in this research study to 
improve the performance of existing maintenance system (through predicting the 
optimum maintenance strategy), prevent over or under resources utilisation and 
optimise maintenance costs. In addition, the purpose of using AWB software is to 
validate the proposed practical methodology of TPM implementation within the power 
industry. Thus, this simulation modeling will empower operators to collect and analyse 
failure data and based on criticality analysis, operators can allocate the right 
maintenance tasks. To confirm the reliability and validity of the study findings, the 
instrument should be first evaluated, prior to the application of simulation analysis was 
applied.  
4.12 Evaluation of Validity and Reliability  
Zohrabi (2013) discussed that measuring validity and reliability is one of the most 
important principles in examining the accuracy of any study findings. The general 
consensus is that when there is a way of evaluating a concept, it must be ensure that 
this method is both reliable and valid. 
4.12.1 Validity  
Validity is the extent to which methods of data gathering measure what is supposed to 
be measured (Saunders et al., 2019). In addition, validity specifies the degree to which 
the dimension’s results are different from those who are expected to have divergent 
viewpoints about a topic (Teddlie and Tashakkori, 2009). According to Zohrabi 
(2013), content validity ensures that an instrument adequately represents the items that 
indicate the conception. In addition, Saunders et al. (2019) recommended that experts 
who are adept at commenting and judge on a questionnaire’s feasibility should review 
it and make recommendations on the desirable structure. Moreover, Zohrabi (2013) 
elaborated that experts can indeed review data and research instruments within their 
chosen area of research. Accordingly, ambiguous questions can be revised and intricate 
items can be rephrased.  
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4.12.2 Reliability  
As a key requirement, the process of data analysis and the study’s results must be able 
to stand the test of reliability. In other words, the findings of a research study must be 
both consistent and replicable (Zohrabi, 2013). Furthermore, numerical results of 
quantitative research can be assessed and how these results are reliable. However, it is 
not easy to attain identical results particularly in the case of a qualitative approach 
given the subjectivity of data and the contours of its narration (Zohrabi, 2013). 
In this study, the reliability test of CR (Hair et al., 2017) was used in quantitative 
approach for the purpose of validating the construct’s reliability. CR values range from 
0 to 1 (Tabachnick and Fidell, 2013). A higher value is indicative of a better internal 
consistency of the concerned attributes; a value of at least 0.7 is deemed acceptable, 
according to Sharma (1996). In contrast, Hair et al. (2017) stated that a level of at least 
0.60 is required for gaining acceptance. 
4.12.3 Model Simulation Verification and Validation 
Verification of proposed solution deals with evaluating the mathematical accuracy of 
the proposal to a computational model. On the other hand, validation determines the 
accuracy of simulation modeling by comparing the experimental data with 
computational results. The conceptual model of simulation, to be properly converted to 
a working computer programme, must be initially substantiated and validated by 
professionals with extensive practical experience (Choudhari and Gajjar, 2018; Law 
and Kelton, 2003). Verification was recognised through step by step evaluation of 
parameters (input and output) as an individually to digitally reconstruct a realistic 
model from all integrated modules. These modules were each validated based on real 
world situations. This process of validation assured the most precise system that 
genuinely emulates reality through accurate demonstration of the system (Choudhari 
and Gajjar, 2018; Law and Kelton, 2003). After running the development model, the 
simulation data was measured against sample data from an existing real-world system 
to confirm its validity. Some initial output results of simulation were presented to case-
study organisations as well as experts, who validated the authenticity of the model. 
Parameters (variables) in both simulation modelling (AWB Monte Carlo Simulation + 
ReliaSoft's Weibull++ 9) are not affected by other variables and are utilised to provide 
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model performance and behaviour. Parameter variables examples for the present RCM 
model are failure modes of OLTC with shape parameter (β) and scale parameter (η), 
maintenance costs that involves labor, downtime and spare parts and failure effects.  
On the other hand, paper degradation of power transformer and time are examples of 
parameter variables for the present degradation model. By changing values of these 
parameter variables, both models can be simulated to display how the simulation 
(software) may react when these values of variables are changed in reality.     
To validate the results of simulation modeling, the researcher has utilised certain steps 
as the following:  
 
1. Building robust guidelines, procedures and protocols for data collection and 
analysis; 
  
2. Utilising well-known and existing simulation modeling software that has already 
implemented within different industrial sectors; 
 
3. Publishing the results of simulations models in international journals and 
conference proceedings.   
 
The guideline application is verified through case studies utilising historical data of 
power transformers. Sargent (2010) reported that data are required to fulfil three 
objectives: shape the conceptual model, authenticate the model and carry out 
experiments within the authenticated model. The researcher has been validated the 
historical data through two stages. The first step, small amount of the data is utilised to 
shape the model and the second step, the remaining data are utilised to test (determine) 
whether the model performs as the simulation does. However, the researcher cannot 
generalise the results of simulation modeling due to nature of maintenance practices 
within different environments of case studies. For example, degradation data of power 
transformers in Emirates compared to Europe countries have clear differences due to 
external factor like weather conditions (hot and cold weather). Also, bad maintenance 
practices compared with outstanding practices through professionals and specialists in 
maintenance can lead to a big variance with simulation results. The reason behind this 
variance is the stochastic nature of random repair times and arrival (transportation and 
logistics) time. Thus, generalisation of simulation results is difficult.  
The main aim of using AWB Monte Carlo Simulation and ReliaSoft's Weibull++ 9 
software is to validate the proposed practical methodology of TPM implementation 
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within the power industry. Thus, both models (RCM and degradation models) will 
empower operators to collect and analyse failure data and based on criticality analysis, 
operators can allocate the right maintenance tasks. To confirm the validity and 
reliability of the study findings, the instruments were first evaluated, prior to the 
application of simulation analysis. However, the limitation of the study is that the 
simulation modeling implemented only on power transformers and does not consider 
different equipment from power plants. Also, the results of simulation model do not 
compare to situation of real life. 
4.13 The Validation and Refinement of the Operational 
Framework 
The proposed operational framework in Chapter 8 was validated and refined by senior 
academics, RCM consultant and practitioners from power industry. Furthermore, the 
researcher was selected the same practitioners (sixteen senior staff across power 
generation, transmission and distribution case studies) who participated in the first 
stage of this study (semi-structured interview) to perceive their opinion about the 
operational framework validation within power plants. Participation of consultant is 
contributed to this research due to his expertise in RCM, condition monitoring and 
assets management in energy sector. Also two senior academic staff who are expert in 
TPM have added value through evaluating and validating the developed operational 
framework suitability for implementation within power industry. All 19 experts 
(practitioners, consultants and academics) were chosen based on specific criteria: 
1. The senior academics must have a deep theoretical knowledge of TPM – this is 
essential to the refinement and improvement of the operational framework;  
 
2. The consultant must have a long operational experience and practical knowledge 
related to predictive maintenance, condition monitoring and RCM within energy 
sectors; 
  
3. The senior practitioners must be participated in the first stage of this research study 
(semi-structured interview), simply to confirm their understanding and awareness 
of the research concept. This will also support the researcher to attain validity and 
continuity of information related to successful implementation of TPM within 
power industry.   
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The developed operational framework was initially sent by email to all experts, who 
were asked to deliver feedback and valuable comments through a structured interview 
(questionnaire, see Appendix L), which includes open-ended as well as closed-ended 
questions. Five-Likert scale was used for the closed ended questions to provide 
participants’ views. This scale was considered as the best option to avoid any 
misperception between all participants. The results were finally analysed by 
researcher. The questionnaire contained the following questions: 
1. General Background questions were asked to determine their job title/role and area 
of expertise in asset management and maintenance practices; 
  
2. The participants were asked to rate the coverage level in terms of the operational 
framework contents that indicate the different activities/components utilised of the 
proposed framework, e.g. strategic and operational process of TPM 
implementation and key performance indicators measurements. This was important 
to confirm that the operational framework shed light on main practical aspects of 
TPM implementation;    
  
3. The participants were asked to rate the coverage level in terms of the operational 
framework logic that indicates the order and flow of activities/components. This 
was significant to ensure that the operational framework follows the simple 
principles related to TPM implementation process;    
  
4. The participants were asked to rate the coverage level in terms of performance 
goals developed in the operational framework. This was required to ensure that 
performance goals achieve the requirements of successful TPM implementation 
within power industry;  
   
5. The participants were asked to rate the coverage level in terms of KPIs 
measurement development in the operational framework. This was required to 
confirm that KPIs measurements attain the necessities of effective TPM 
implementation within power plants;   
 
6. The participants were asked to rate the level of understanding of the proposed 
operational framework. This was significant to ensure that the operational 
framework has clear strategic and operational steps to perform TPM programme 
within power organisations; 
 
7. The participants were asked to give suggestions or valuable comments on areas 
that need improve/delete/include in the operational framework. This will result in 
refinements/improvements of the developed framework; 
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8. The participants were asked to give rate regarding the framework recommend for 
use on the service sector in the power industry. 
 
 
The participants were asked to give valuable comments regarding clear lack of 
delegation of authority and responsibility to autonomous maintenance in power plants 
to validate this research findings from both the questionnaire survey and the case 
studies. 
4.14 Ethical Considerations 
These types of studies should include designs which ensure that no physical or 
emotional harm is caused to any individual taking part in the study (Yin, 2014). 
Therefore, the Ethical Code of Conduct for the University of Bolton was strictly 
complied with throughout the course of the study for both qualitative and quantitative 
approaches. Summary of information sheet of ethical compliance and letterhead sent 
by e-mail to all participants. This letterhead explained the goal, procedure, structure as 
well as duration; this is detailed in Appendix F. It included an introduction to the study 
and also enabled participants to become familiar with all facets of the interview, such 
as its purpose. It also informed participants about the significance of ethical 
compliance measures implicit in the study in addition to the steps undertaken to 
maintain anonymity and confidentiality at all phases (Flick and Metzler, 2014).  
Times and dates for meetings associated with conducting qualitative approach, were 
agreed upon with respondents. A list of proposed questions was provided to them well 
in advance. At the office of participants, meeting rooms for interviews were arranged 
before setting the appointment times, which in turn facilitated quieter venues and 
avoided any distractions during the course of the meeting, which may have potentially 
jeopardised the answers of respondents. In turn, this ensured that all the respondents 
felt comfortable in their environment and were therefore, encouraged to be as 
cooperative and open as possible. With a view to safeguarding anonymity and 
confidentiality, any documentation which can potentially reveal the identities of 
respondents in questionnaires and interviews was not included. At no stage were the 
names of organisations mentioned and participants were referred to in terms of their 
discipline or role instead of name. Moreover, passwords were created to prevent any 
unauthorised access to files throughout the duration of the study.  
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4.15 Summary 
In conclusion, this chapter delivers a greater understanding of the methodology that 
implemented for this research study. The research methodology is designed as per the 
aim and objectives of this research study. The researcher considered that this research 
follows pragmatism as a research philosophy. Different research approaches are 
explained in detail and mixed methods has been selected in this study. The researcher 
utilised exploratory sequential mixed methods design as a research approach. The 
researcher selected this design to start with qualitative methods whilst exploring a 
phenomenon, tracking unknown variables or developing new instruments; in this case, 
qualitative findings become the guide to develop quantitative instruments. He clarified 
instruments and techniques for data collection for both approaches of research 
(quantitative and qualitative). In addition, the selected research process of qualitative 
and quantitative approaches discuss the following aspects: sampling strategy, design 
and procedure of data collection tool, pilot study, methods of analysing findings and 
process of developing conclusions and findings. Case studies of Abu Dhabi power 
plants is adopted in this research.  
Thematic analysis is used as a main method of analysing the findings of qualitative 
data. In quantitative approach the researcher explains measures and design of 
questionnaire. The first part of questionnaire included 16 barriers responsible for poor 
implementation of TPM practices. These barriers (variables) were ranked using the 
respondents’ mean and standard deviation responses. On the other hand, the second 
part of questionnaire entailed the measurement of relationships between organisational 
culture factors as well as the participation of autonomous maintenance in the power 
plants. Proposed model of this research is identified with its hypotheses. The 
SmartPLS software is used to test hypotheses. On the other hand, this research work 
uses simulation (ReliaSoft’s Weibull + AWB Monte Carlo simulation) for modelling 
historical data of critical power plants and hence build a proposed solution based on 
operational steps and utilisation of a simulation model to empower and enable 
participation of autonomous maintenance (operators) in maintenance activities in the 
power industry. The next chapter will present the findings of qualitative analysis.  
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5.1 Introduction  
This chapter analyses and presents the data gathered across case studies (three power 
organisations). As mentioned in Chapter 4, interviews (semi-structured type) were the 
main data source, supplemented by analysing documents (reports, maintenance and 
asset management policy) and by participant observation to verify and support the 
findings of interview data. This triangulation that involves findings from three methods 
is presented to achieve the research question and objective 1, refer to Chapter One, 
section 1.5 and 1.6.3. The researcher justified the utilisation of interviews as the main 
research tool to gather and analyse the qualitative data, refer to Chapter Four, section 
4.9. As discussed in Chapter 4, the researcher carried out 16 interviews across three 
power organisations (generation, transmission and distribution), reflecting significant 
barriers related to maintenance practices (technical issues) and organisation culture. 
This chapter shows findings of case studies through identifying the main factors 
affecting the implementation of TPM implementation within Abu Dhabi power plants. 
5.2 Analysis of Demographic Data Interviews    
The below Table 5.1 illustrates the participants of interviews in the Abu Dhabi power 
plants within three types of power organisations: generation (GX), transmission (TX) 
and distribution (DX). It shows that the senior management team represents 31.25% 
(GX1, GX2, TX2, TX9 and DX5) of the respondents. It also represents the same 
percentage of 31.25% with middle management levels (TX3, TX5, TX7, TX8 and 
DX4). While engineers and specialists represent 37.50%, which account for 6 out of 16 
of the interviewees. In terms of work experience in maintenance and asset 
management, four participants (TX1, TX4, TX7 and DX2) have the highest work 
experience of more than 30 years on average, while the majority of interviewees 
accumulate to 43.75%, which account for 7 out of 16 respondents, have between 15 – 
30 years. In addition, 18.75% of the interviewees (TX2, TX6 and TX9) have 
experience between 10 – 15 years. However, only two respondents from the middle 
management level in both companies: transmission (TX3) and distribution (DX4) have 
less than 10 years’ work experience. In addition, those who are in management levels 
with low work experience represent Emiratisation (TX2, TX3, TX9 and DX4). It 
becomes clear that those who have more than 30 years’ experience, which are only 4 
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respondents, do not necessarily hold any managerial position and, therefore, do not get 
awarded any promotions although they do well in their position. 
Table 5. 1 Demographic Data of Interviews  
 
5.3 Analysis of the Interview Findings and Results 
The researcher utilised the analytical table of Farrell et al. (2016) to present the 
findings of interviews. The researcher categorised the findings into two groups to 
achieve the objective one of this research. The first group represents the technical and 
operational obstacles of maintenance practices while the second one signifies the 
cultural barriers that affect the successful implementation of TPM within Abu Dhabi 
power industry context.  
5.3.1 Findings of Maintenance Practices Factors Affecting TPM 
Implementation  
The researcher was summarised the raw data of interviews and placed them in tables 
by listing themes and codes, identifying important literature resources and presenting 
content analysis data. Analytical Table 5.2 has emphasised the main theme/subtheme 
of the existing maintenance practices based on technical and operational obstacles in 
the Abu Dhabi power plants. It identifies eight main themes: maintenance, policy, 
CMMS, resources, operators, KPI, safety and audit. It highlights content analysis for 
Participant Category 





Practitioners from Power 
Generation Organisation 
GX1 Maintenance Director 18 
GX2 Managing Director 16 
Practitioners from Power 
Transmission Organisation 
TX1 Asset Power Performance Specialist 34 
TX2 Maintenance Division Manager 12 
TX3 Section Head of Power Facilities 9 
TX4 Senior Power Performance Engineer 32 
TX5 Section Head of Power Asset Performance 22 
TX6 Senior High Voltage Operation Engineer 12 
TX7 Section Head of Testing and Protection 30 
TX8 Section Head of Maintenance Scheduling 17 
TX9 Field Management Department Manager 12 
Practitioners from Power 
Distribution Organisation 
DX1 Senior Asset Performance Engineer 23 
DX2 Senior Maintenance Engineer 30 
DX3 Senior Asset Performance Engineer 24 
DX4 Section Head of Testing and Protection 8 
DX5 Electricity Maintenance Division Manager 17 
Optimising Total Productive Maintenance (TPM) and Asset Management Strategies through Artificial Intelligence 
(AI) Technologies: the Development and Enhancement of Abu Dhabi Power Networks 
217 
   
each subtheme which has come from interviews transcription with the applicants. It 
also emphasises a comparison between qualitative data collected from the interviews 
through identifying data inconsistencies and similarities against the theories and 
arguments sourced from the literature reviews. On the other hand, there is clear 
evidence in most cases that the interviewees support the point of views originating 
from the previous studies in literature. However, few cases represent different beliefs 
based on their work experiences. These inconsistencies and similarities will be further 
evaluated and appraised with potential explanations and clarifications in Chapter 
Seven: Discussion. 
5.3.2 Findings of Organisational Culture Factors Affecting TPM 
Implementation 
As explained in the aforementioned section, the researcher provides another Analytical 
Table 5.3 that shows the main findings of interviews related to barriers affecting TPM 
implementation based on organisational culture perspectives. It identifies nine main 
themes: senior management, change management, empowerment, communication, 
training, teamwork, knowledge, job satisfaction and innovation generation. It has also 
provided some interesting findings with inconsistencies and similarities to previous 
studies in literatures of TPM strategy. These findings will be discussed further in 
“Chapter Seven” to offer explanations and arguments for implementing TPM within 
Abu Dhabi power context.    
Optimising Total Productive Maintenance (TPM) and Asset Management Strategies through Artificial Intelligence (AI) Technologies: the Development and Enhancement of Abu Dhabi Power 
Networks 
218 
















Observations, Implications or 
Interpretations 
Data Consistencies Data Inconsistencies 
1 Maintenance  Strategy  109 
Munir et al. 
(2019), McCarthy 
and Rich (2015), 




Ahuja and Khamba 
(2008a&b), Chan 
et al (2005), 
Bamber et al. 
(1999), Nakajima 
(1988) 
Modern maintenance practices (like: RCM, 
TPM, predictive maintenance, artificial 
intelligence and on-line condition monitoring 
techniques) are not implemented due to lack of 
maintenance strategies and asset management. 
Excessive pressure is placed 
on senior managers to 
transform the power sector 
with modern maintenance 
strategies that associated with 
advance technologies like 
artificial intelligence in 
predictive maintenance. 
Some senior asset 
managers feel comfortable 
about their current vision, 
mission and maintenance 
practices.   
2  Replacement  31 
Ghazi (2016), 
Poduval et al. 
(2015;2013), 
Gabbar et al. 
(2003) 
Asset performance department does not have 
the clear replacement strategy based on a real 
quantitative assessment of asset health index. 
This is due to lack of historical maintenance 
data. For this reason, senior asset managers do 
not have ability to decide whether to replace, 
make a rehabilitation or decommission aged 
assets. 
After several failures of aged 
assets, senior managers take 
decision to replace them based 
on a qualitative assessment of 
asset health index. 
Some senior managers 
decide to replace assets 
based on manufacturers' 
recommendations. 
3  Cost  136 
Braglia et al. 
(2019), Baglee et 
al. (2017), Poduval 
et al. (2015), 
Baglee and 
Knowles (2010), 
Gabbar et al. 
(2003) 
Costs of preventive maintenance can be higher 
as compared to predictive maintenance or 
RCM costs. Also, preventive maintenance is 
reinforced by inherent maintenance practices, 
and this also affects alteration in world-class 
maintenance practices implementation. 
High preventive maintenance 
tasks are performed 
periodically. There is also 
isolation between operation 
and maintenance teams which 
result in low workforce 
utilisation. This isolation 
increases the maintenance 
costs in terms of manpower 
and transportation through 
cars between offices, power 
plants and warehouses. 
 
A few claimed that 
maintenance cost is low 
due to the nature and high 
number of power plants 
used gas-insulated 
switchgear (GIS) system.  
(Continued) 
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4 Policy Access 16 
Attri et al. (2014), 
Wang and Lee 
(2001) 
Maintenance policy and standard operating 
procedures of power plants operations are not 
available in locations of both old and new 
power stations. 
Hard and soft copies of 
maintenance policy for old 
power stations are lost due to 
restructure of Abu Dhabi 
power sector in 1999. Also, 
soft copies of maintenance 
policy cannot access by 
operative staff due to 
limitations in accessing 
computers in both offices and 
power stations. 
A few claimed that it is 
very easy to find and 
access maintenance policy 
in all power stations. 
5  Reviewing 44 
Jain et al. (2018), 
Attri et al. (2014), 
Davis (1997) 
Maintenance policy that involves maintenance 
job plans, tasks and frequency does not update 
on a regular basis.   
The policy stayed fix and the 
strategy is the one that they 
update based on the job plans 
and the frequency and the 
tasks that are coming. 
A few claimed that 
maintenance policy is 
updated every 3 years.  
6  Standards 47 
Baglee and 
Knowles (2010), 
Ahuja and Khamba 
(2008a, 2008b)  
There is no asset management standards 
linked with history of the asset itself, 
maintenance plans and strategies, failure 
analysis, manpower, tools, strategic spare 
parts, mean time to repair, and maintenance 
budget. Maintenance staff are using wrong 
terminologies in maintenance activities due to 
lack of maintenance standards and quality. 
There is no standard operating 
producers for operations and 
maintenance of power plants 
due to different suppliers like 
SIEMENS, ABB, Hitachi, 
Toshiba, etc. Those suppliers 
take the responsibility for 
heavy maintenance 
programmes because they 
have the specialised in the 
area of their switchgear 
design.  
A few claimed that they are 
certified by getting PAS 55 
and ISO 55001 standards 
for asset management. 
7 CMMSs Data 331 
Willmott et al. 





Dekker (1996)  
Maintenance department cannot adopt modern 
practices like predictive maintenance, RCM 
and on-line due to limitations with accuracy of 
maintenance historical data.  
Asset management department 
are suffering from data 
accuracy due to lack of 
feedback from maintenance 
department who are main 
source of data in terms of 




A few claimed that they 
have more than 90% of the 
data are accurate in CMMS 
system. 
(Continued) 
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8  Recording  116 
Baglee and 
Knowles (2010), 
Ahuja and Khamba 
(2008a), Gabbar et 
al. (2003), Prickett 
(1999) 
Critical information related to maintenance 
activities such as: MTBF, MTTR, repair costs 
and off-line condition monitoring data are not 
recorded in CMMS system due to lack of 
awareness about significance of these 
variables. 
CMMS system is established 
in early 2006 and there were 
some data missing. Wrong 
data is entered in CMMSs by 
maintenance staff due to 
excessive pressure during 
busy maintenance schedule.  
Some managers reported 
that data is entered by 
expert engineers who are 
knowledgeable about 
power assets.    
9  Scheduling 87 
Jamkhaneh et al. 
(2018), Ghazi 
(2016), Poduval et 
al. (2015), Attri et 
al. (2014), Baglee 
and Knowles 
(2010) 
There is high percentage of unplanned 
shutdown within power plants due to lack of 
scheduling preventive maintenance activities 
effectively and selecting the optimum period 
to perform these maintenance tasks. 
CMMS system cannot 
generate preventive 
maintenance schedules 
automatically due to certain 
difficulties associated with 
location of some assets and 
whether these assets are active 
or not in the service. Another 
reason is lack of knowledge of 
using all features of CMMSs. 
A few claimed that the 
maintenance work is 
scheduled with resources 
(manpower, tools and spare 
parts) in CMMS system. 
10  Analysis 216 
Braglia et al. 
(2019), Labib 
(2004), Baglee and 
Knowles (2010), 




Historical data such as reports and graphs 
extracted from CMMSs were not analyse by 
maintenance engineers due to many reasons: 
lack of asset management, heavy workloads, 
low accuracy of data, lack of artificial 
intelligence applications, lack of having 
simulation and modeling software, lack of 
using NDT equipment, lack of having 
expertise in analysing maintenance and 
reliability data. 
Senior asset performance 
engineers do not use the 
advance analytical tools like: 
FMECA, FTA, RPN and 
simulation and modeling 
based on AI technologies. 
They carry-out subjective 
analysis for historical 
maintenance data.     
Some managers reported 
that data extracted from 
CMMS system are 
analysed on a regular basis 
by senior asset 
performance engineers to 






Jain et al. (2018), 
Ghazi (2016), 
Poduval et al. 
(2015) 
Resources involves spare parts, tools and 
materials are not organised well in CMMS 
system. It is not easy to find most of resources 
when failure of critical assets is occurred in 
power networks. Modern tools like NDT 
based on AI applications for maintenance 
activities are not available. 
Control of spare parts and 
tools is difficult during 
emergency. Some spare parts 
reach to zero items in CMMS 
system due to lack of 





A few claimed that they 
have enough and organised 
tools and materials in 
warehouse.  
(Continued) 
Optimising Total Productive Maintenance (TPM) and Asset Management Strategies through Artificial Intelligence (AI) Technologies: the Development and Enhancement of Abu Dhabi Power 
Networks 
221 
   




Poduval et al. 
(2015) 
There is lack of workforce utilisation and lack 
of having specialists in maintenance activities.   
There is an overlapping 
between maintenance, 
operation, cable and overhead 
lines staff in maintenance 
activities. Also, major 
maintenance tasks are 
performed through 
outsourcing due to lack of 
expertise. 
There is a delegation of 
authority matrix for 
maintenance staff based on 
their skills and knowledge. 
A few claimed that, they 
have expertise like 
technician can perform his 
maintenance task based on 
this matrix and the 
maintenance manager can 
upgrade his level of work 
when he became expert and 
matured.                       
13  Software 99 
Oleghe and 
Salonitis (2019), 
Braglia et al. 
(2019), Baglee and 
Knowles (2010), 
Labib (1999) 
Failure analysis of critical assets does not have 
modern practices based on artificial 
intelligence technologies that involves 
simulation, mathematical formulation, critical 
analysis and multi-criteria decision analysis. 
 
There is no utilisation of 
software for simulation and 
modeling due to lack of data 
accuracy and lack of expertise 
in failure analysis. They fail to 
integrate RCM software with 
CMMS system to implement 
RCM strategy. 
A few claimed that 
SCADA system is used to 
collect and analyse real 
time data of critical power 
plants. 
14 Operator Experience 87 
Mad Lazim et al. 
(2017), Poduval et 
al. (2015), Riccetti 
(2013), Baglee and 
Knowles (2010), 
Wireman (2004), 
Lee Cook (2000) 
Operation team do not have enough technical 
knowledge and experience in the maintenance 
activities. They have only knowledge and 
procedures related to switching (open and 
close) power plants. 
Operators are not involving in 
maintenance activities due to 
experience issue. 
A few claimed that aged 
operators have the ability to 
conduct light maintenance. 
15  Capability 49 
Willmott el al. 
(2019), Attri et al. 
(2014), Riccetti 
(2013), Baglee and 
Knowles (2010), 
Wireman (2004), 
Lee Cook (2000) 
Operators have low capabilities in performing 
maintenance activities across power plants. 
Senior managers cannot trust 
on capabilities of operators to 
perform the maintenance tasks 
due to lack of ability in 
maintaining power assets. 
 
 
A few claimed that 
operators can perform 
inspection and condition 
monitoring activities.  
(Continued) 
Optimising Total Productive Maintenance (TPM) and Asset Management Strategies through Artificial Intelligence (AI) Technologies: the Development and Enhancement of Abu Dhabi Power 
Networks 
222 
   
16  Delegation 11 
Munir et al. 
(2019), Willmott el 
al. (2019), Attri et 
al. (2014), 
Riccetti (2013), 
Nasurdin et al. 
(2005), Ramayah 
et al. (2002), 
Nakajima (1988)    
Senior managers do not give a full delegation 
to operators for performing maintenance jobs. 
There are restrictions 
established by senior 
managers that cannot allow 
operators to break their 
boundaries through 
participation in maintenance 
tasks.   
Some managers give 
delegation to operators to 
perform only light 
maintenance activities like 
fuse replacement for power 
distribution transformers 
based on matrix analysis 
that identifying the level of 
authority as a competency 
person.   
17  Safety  19 - 
Operators cannot maintain power assets due to 
high risk of human error and safety 
consequences of accidents, injuries and death. 
The reason behind this is lack of experience 
and capability.  
Operators can lose their 
priority of focus and maybe 
they get diverted and not be 
able to fully concentrate on 




Many managers claimed 
that they have operators 
who are an authorised and 
certified based on 
evaluation scheme of HSE 
department. Operators can 
issue safety documents for 
power plants.  




Park and Han 
(2001), Lee Cook 
(2000), Lawrence 
(1999) 
Operators have some resistance to accept more 
new tasks and duties in line with operation 
activities. 
Operators are refused to 
participate in maintenance 
jobs. 
 
A few claimed that 
operators are happy to 
work with maintenance 
team for achieving 
continuous development 
and improvement targets. 
19 KPI Network KPI 116 




2011), Brah and 
Chong (2004), 
Brah et al. (2000), 
Takahashi and 
Osada (1990) 
There is no report that involves performance 
measures (KPIs) related to maintenance 
activities and asset reliability in power 
networks.   
There is no KPIs measures 
analysis related to failure rate, 
MTBF, MTTR, asset 
reliability index, maintenance 
costs and data quality. 
 
Some managers claimed 
that they have the network 
reliability through 
measuring duration and 
frequency of customer 
interruptions. Also, they 
have asset health index to 
measure KPIs of equipment 
in power networks.  
(Continued) 
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20  Crews KPI 87 
Muchiri et al. 
(2011), Brah and 
Chong (2004), 




There is no any performance measures (KPIs) 
related to crews in terms of measuring 
productivity of maintenance crews.  
There is no KPIs measures 
analysis related to crews in 
terms of maintenance job 
quality, workforce utilisation 
and time to accomplish a 
specific maintenance task. 
A few claimed that they 
have performance measures 
for workforce to monitor 
their productivity in 
maintenance activities. 
21 Safety   92 
Jain et al. (2018), 
Kodali et al. 
(2009), Carnero 
and Delgado 
(2008), Gabbar et 
al. (2003), Ray et 
al. (2000) 
There is clear gap of implementing safety 
assessment techniques through maintenance 
activities to avoid high risk of failures 
consequences. 
There is no activities like 
FTA, FMECA, RPN and 
HAZOP for assessing safety 
of critical failures.  
Some managers reported 
that HSE department 
provides technical safety 
training related to power 
networks system to 
operation and maintenance 
staff. This training involves 
operational procedures for 
health safety practices 
within power plants. 
22 Audit   114 
Willmott et al. 
(2019), Macián et 
al. (2010), Carnero 
and Delgado 
(2008), Ray et al. 
(2000), Lee Cook 
(2000), Tsang and 
Chan (2000) 
Absence of conducting internal and external 
audits for maintenance activities due to lack of 
total quality management. 
There is no maintenance 
audits during inspection, CBM 
and PM schedules to check 
safety procedures. 
Some managers reported 
that Department of Energy 
Abu Dhabi conducted 
external audits to check 
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Observations, Implications or 
Interpretations 




Commitment  97 
Munir et al. 
(2019), Jain et al. 
(2018), Poduval 
et al. (2015), Attri 
et al. (2013b),  
Baglee and 
Knowles (2010) 
Power organisations have low 
commitment from senior managers 
regarding maintenance optimisation, 
because they focus only on costs saving 
without considering maintenance as an 
important factor in their business. For 
example, new initiatives and innovative 
ideas take long time to approve by high 
management.  
The bathtub curve shows high 
failure rates with aged assets 
in power networks due to low 
commitment towards 
development and continuous 
improvement in quality and 
maintenance area. Also they 
do not have clear plans about 
investment in human capital 
through building young local 
leaders in technical field. 
A few claimed that senior 
management provide full 
commitment towards 
continuous improvement 
and adopt the latest 
technology in maintenance. 
2  Delegation 51 
Munir et al. 
(2019), Attri et al. 
(2014), Nasurdin 
et al. (2005), Mad 
Lazim and 
Ramayah (2010), 
Ramayah et al. 
(2002), Nakajima 
(1988)   
Senior managers have limited power and 
authority to control and manage power 
plants as well as the human resources. 
 
Senior managers in power 
organisations need to take 
approval first from 
headquarter and board of 
directors for small issues like 
recruiting new staff, 
transferring employees 
between departments, giving 
promotion to employees, etc. 
A few claimed that there is 
a certain delegation 
available for the managers. 
Also senior managers use 
multi-tasking staff to 
ensure the people can be 
moved within organisation. 
3  Stability 331 




There is no stability in senior management 
team within organisation chart due to 
frequent (continuous) change in senior 
management level. 
 
The blame culture is spreading 
through new senior managers 
and they try to change the 
existing work process and 
procedures of old management 
team. Due to these changes 
new asset management 
strategies established. 
 
A few claimed that they 









Table 5. 3 Cultrual Factors Affecting TPM Implementation 
(Continued) 
Optimising Total Productive Maintenance (TPM) and Asset Management Strategies through Artificial Intelligence (AI) Technologies: the Development and Enhancement of Abu Dhabi Power 
Networks 
225 





Munir et al. 
(2019), Jain et al. 
(2018), Tsang 
and Chan (2000)  
Asset performance department did not 
update their procedures in managing 
power assets    
Maintenance staff have fixed 
job plan for their routine 
maintenance activities. They 
do not use AI technologies in 
diagnosis and prognosis of 
failures    
A few reported that 
introducing handheld 
devices in maintenance 
activities to save time and 
record data into CMMS 
system easily. 
5  Resistance 229 
Attri et al. (2014), 
Panneerselvam 
(2012), Tsang 
and Chan (2000) 
The majority of change process failed due 
to inappropriate communication from top 
to down, lack of empowerment, lack of 
rewards systems and lack of awareness 
about the benefits of new changes.  
Older employees in operations 
and maintenance departments 
prefer to perform their routine 
jobs rather than introduce new 
work procedures. Some of the 
department managers ignore 
the requirements of 
continuous improvements 
process and they considered 
these activities as extra tasks 
and responsibilities for their 
employees. 
Some managers claimed 
that they are happy to 
change and improve their 
maintenance activities to 
meet the high performance 
and quality of power 
plants. 
6 Empowerment Delegation 170 
Munir et al. 
(2019), Jain et al. 
(2018), Attri et al. 
(2014), Riccetti 
(2013), Nasurdin 
et al. (2005), Mad 
Lazim and 
Ramayah (2010), 
Ramayah et al. 
(2002), Nakajima 
(1988)   
The operative staff have limited delegation 
of authority during their routine 
maintenance programmes.  
Based on company’s rules and 
delegation of authority, 
operators cannot participate in 
light maintenance activities. 
Some senior managers 
empower their maintenance 
staff through giving them 
power and authority to 
accomplish critical tasks. 
7  Decision 140 
Munir et al. 
(2019), Riccetti 
(2013), Nasurdin 
et al. (2005), 
Ramayah et al. 
(2002), Al-
Hassan et al. 
(2000), Ben Daya 
(2000) 
The operative staff cannot take decisions 
in critical issues related to operations and 
maintenance activities. The permission 
need to be taken first from senior 
managers due to centralised management 
system. 
 
Operators have low self-
esteem to take effective 
decision regarding continuous 
improvements. 
A few claimed that 
employees can take a 
decision with certain 
measures. 
(Continued) 
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8  Knowledge  46 
Jain et al. (2018), 
Poduval et al. 
(2013, 2015), 
Nakajima (1988)   
Power organisations do not share technical 
documentation between operative 
employees. 
Operative staff have limited 
information about power 
plants and they cannot access 
the documentation like: annual 
plan and targets, maintenance 
policy, audit and performance 
reports.    
A few claimed that 
employees can access 
technical documents easily. 
9 Communication Language 66 - 
The main and official language in power 
plants is English. However, there is lack of 
common language to communicate 
effectively between operative staff like 
labors, electricians and line-man due to 
different backgrounds, culture, 
nationalities and low level of formal 
education. 
During meetings with 
operative staff, the level of 
understanding is low and 
some reports provided by 
them are difficult to 
understand. 
 
Some senior managers 
claimed that the low level 
of operative employees do 
not have any issue with 
English language.   
10  Meetings 133 
Park and Han 
(2001), Bamber 
et al. (1999)  
There are few meetings between members 
from different departments for the purpose 
of continuous improvement in asset and 
quality management.  
The action plan has not taken 
into account after meetings 
due to lack of commitment 
towards development and 
continuous improvements. 
Some senior managers 
reported that performance 
of power networks has 
improved due to many 
effective meetings between 
different departments.  
11  Cooperation 21 
Munir et al. 
(2019), Jain et al. 
(2018), Park and 
Han (2001), Ben 
Daya (2000), Lee 
Cook (2000), 
Bamber et al. 
(1999) 
There is low level of cooperation due to 
poor communication between different 
departments. A blame culture in the 
workplace is spreading and every 
department do not cooperate to take extra 
responsibilities. 
Some actions and letters 
between departments take 
long time to finalize the issue 
due to bureaucratic procedures 
that hinders the work 
productivity. 
Some senior managers 
reported that level of 
cooperation between 
departments is very high 
and effective.  
12  Coordination 56 
Munir et al. 
(2019), Jain et al. 
(2018), Park and 
Han (2001), Ben 
Daya (2000), 
Bamber et al. 
(1999) 
There is lack of coordination between 
maintenance department and asset 
performance department in developing and 
improving maintenance policy as well as 
asset replacement strategy. 
Maintenance policy involves 
some wrong terminologies, 
unclear procedures and 
process to maintain equipment 
due to poor coordination 
between maintenance and 
asset departments. 
A few claimed that there is 
an effective coordination 
between maintenance and 
asset departments.  
(Continued) 
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13 Training System 316 
Munir et al. 
(2019), Jain et al. 
(2018) 
Practical training system and on-the-job 
training programmes are not available 
within power plants.  
New fresh graduate employees 
face challenges to learn 
practical things like operating 
power plants manually or 
replace faulty components of 
equipment due to lack of 
having practical training 
system   
A few claimed that 
operation and maintenance 
department provides 
practical training in power 
plants. 
14  Center 40 
Willmott el al. 
(2019), Nakajima 
(1988)   
Power plants do not have real training 
center to build maintenance capabilities 
through providing hands on training. 
The human resources (HR) 
department conducts 
subjective training courses in 
hotels.   
Some senior managers 
reported that HSE 
department provides 
internal in-house training 
like safety system trainings. 
15  Attachment 15 - 
Maintenance department does not have 
attachment training programmes like 
sending their employees to global 
outstanding power companies for specific 
period of time to gain new professional 
skills in maintenance and asset 
management.   
Some employees do not have 
the ability to perform the 
maintenance tasks as per the 
recommendations of OEMs 
due to lack of understanding 
the maintenance procedures 
for different suppliers and 
assets.  
Some senior managers 
reported that there are 
attachment training 
programmes like factory 




16  Local 29 - 
Maintenance department does not have 
specific training programmes for building 
local capabilities and competencies in 
maintaining critical power assets and grid 
stations. 
After providing training 
programmes to local 
employees for two years, they 
cannot conduct the heavy 
maintenance work on power 
assets within grid stations due 
to low commitment from 
senior management for 
building local capabilities.   
A few claimed that local 
staff have training 
programmes in maintaining 
critical power plants. 
17 Teamwork Establish  25 
Munir et al. 
(2019), Willmott 
el al. (2019), Jain 
et al. (2018), 
Poduval et al. 
(2015) 
Power plants do not have inter-functional 
teams from different departments for 
focused improvement within maintenance 
activities. 
Maintenance, cable, over-
headlines, testing and 
protection departments have 
their own maintenance 
programmes.   
There are teams from 
different departments to 
evaluate the main causes of 
critical failure or any power 
transformer explosion.  
(Continued) 
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18  Improvement 232 
Willmott el al. 
(2019), Poduval 
et al. (2015), Attri 




(1988)   
Maintenance department does not have 
specific groups that contains employees 
from different departments for specific 
improvement and continuous development 
like group for power transformers 
maintenance improvements. 
Lack of multi-skilling of 
workforce is existing within 
power plants maintenance due 
to lack of understanding the 
real meaning of focused 
improvement teams. 
A few claimed that power 
plants have teams from 
different departments for 
continuous improvement 
targets. 
19  Involvement 117 
Munir et al. 
(2019), Willmott 
et al. (2019), Jain 
et al. (2018) 
Power plants have lack of involving teams 
from different departments within 
maintenance activities. 
Operations teams do not 
involve in performing light 
maintenance during their 
operations activities.     
A few claimed that 
maintenance department 
allows operations teams to 
conduct light maintenance 
like fuse replacement of 
distribution transformers. 
 
20 Knowledge Generating  88 
Munir et al. 
(2019), Jain et al. 
(2018), 
Abualoush et al. 
(2018), Shahzad 
et al. (2016) 
Practice of knowledge generation is not 
available within maintenance department. 
Knowledge related to AI and industry 4.0 
is not created for optimising maintenance 
decision activities. 
Excessive pressure is placed 
on maintenance staff to 
complete the maintenance 
schedules and there is not time 
to generate knowledge in 
improving maintenance 
activities. 
Some senior managers 
reported that employees 
participated in publishing 




    
21  Sharing 51 
Munir et al. 
(2019), Jain et al. 
(2018), 
Abualoush et al. 
(2018), Shahzad 
et al. (2016) 
Sharing knowledge and best maintenance 
practices is limited within power plants. 
High work pressure, lack of 
rewards system, interest and 
motivation affect the 
knowledge sharing between 
staff and departments. 
A few reported that there is 
newsletter published 
periodically to all staff 
through email and it used 
as a communication tool to 
share news, new projects 
and knowledge. 
 
22  Storage 10 
Abualoush et al. 
(2018), 
Ranjbarfard et al. 
(2014) 
Power plants have incomplete system to 
record all the required knowledge, plans, 
procedures, and polices related to 
maintenance. 
They have only a web portal 
of organisation that allows 
employees to access the 
information like: 
presentations, policies and 
work procedures.   
A few reported that the 
CMMS system is used as 
database to record all 
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23  Applied 11 
Abualoush et al. 
(2018), 
Ranjbarfard et al. 
(2014) 
The existing knowledge is not applied 
effectively in optimising reliability of 
power networks and maintenance costs. 
Power plants do not utilise 
knowledge in support of 
decisions, automating routine 
work, problem-solving and 
actions. 
A few claimed that 
maintenance department 
utilises knowledge 
productively in optimising 
maintenance costs.  
24 Job Satisfaction HR 19 
Munir et al. 




Lee Cook (2000)  
The new HR development policy did not 
reflect any principles of fairness for non-
national staff. These new rules are built by 
the headquarters of power plant. This 
policy supports local staff to get high 
salary through promotion system without 
pay attention to non-national staff. 
HR department needs to 
recruit certain positions by 
local staff only. This means 
expatriate staff will be 
replaced by national staff 
based on HR manpower 
planning. Thus, expatriate 
staff felt uncomfortable due to 
security of their job. 
Some senior managers 
reported that HR policy has 
principles of fairness for 
non-national staff through 
giving them promotion or 
salary increments every 
three years. 
25  Motivation 61 
Munir et al. 
(2019), Jain et al. 
(2018), 
Piechnicki et al. 
(2015), Poduval 
et al. (2015), Attri 
et al. (2014), 
Bamber et al. 
(1999) 
Power plants do not have motivation 
system. Motivation is correlated with the 
productivity of employees. 
The productivity of operations 
and maintenance activities is 
low due to lack of having 
motivation system. Also, non-
national staff are not happy 
due to clear gap in salary scale 
compared with local staff.  
More than 90% of labours 
and electricians in the 
power plant are expatriates. 
Some senior managers 
always focused on their 
performance through 
increasing their motivation 
and job satisfaction. 
26  Rewards 63 
Munir et al. 
(2019), Jain et al. 
(2018), 
Piechnicki et al. 
(2015) Poduval et 
al. (2015) 
Operations and maintenance department 
does not have rewards system. Also there 
is no bonuses distribution of profits in the 
workplace. 
Talented maintenance staff are 
leaving their works due to lack 
of adequate reward practices. 
This leads other employees to 
feel low trust, confidence and 
engagement in the power 
plants.  
A few claimed that power 
plants organise annual 
celebration and give a prize 
to employees with high 








Generation of Innovative idea needs an 
appropriate time. However, operations and 
maintenance staff do not have extra time to 
generate creative idea in maintenance 
optimisation due to busy maintenance 
schedules and some restrictions rules in 
the workplace.   
Maintenance personnel spent 
the whole day to accomplish 
maintenance tasks as per the 
schedule and they aim to 
avoid any delay.   
A few claimed that 
maintenance staff have 
enough time for creativity 
and innovation.  
(Continued) 
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Employees in power plants do not have 
interest for generating creativity idea to 
optimise maintenance practices due to lack 
of support and encouragement from senior 
managers. 
Operations and maintenance 
staff stick to their job 
descriptions and they do not 
want to take any more tasks 
due to poor motivation system 
in the workplace. 
A few reported that there is 
an annual event for 
presenting an innovative 
idea about optimising 
power plants. The number 
of participants is quite 
high. 
 




One of the factor that affects innovative 
idea generation is lack of having rewards 
system in the workplace. 
Maintenance personnel did not 
get any rewards for optimising 
failure rates of pumping 
station through creating 
innovative solutions.  
A few reported that based 
on the annual performance 
appraisal, participants get 
rewards through HR 
department for their 
innovative ideas that can 
add value to the 
organisation.   
30  Expertise  37 




Power plants do not have experts who 
utilise the AI technologies in predictive 
maintenance. Thus, it is difficult for 
maintenance personnel to bring innovative 
solutions based on modern technologies.    
According to Emiratisation 
recruitment strategy within 
power sector, local staff (fresh 
graduate) do not have enough 
capabilities to generate an 
innovative idea due to lack of 
having advance technical 
knowledge and less work 
experience. 
 
Some senior managers 
reported that maintenance 
experts add value to power 
plants through solving 
technical problems based 
on innovative digital 
solutions.  
31  Environment 24 
Jain et al. (2018), 
Attri et al. (2014), 




Environment of power plants has high 
level of uncertainty avoidance and it leads 
to resistance to change and adopt 
innovation. 
Operations and maintenance 
employees do not have 
support to generate innovative 
activities due to controlling 
environment with strict rules.   
A few claimed that 
employees within power 
plants have freedom and 
self-esteem and hence they 
can create innovative 
solutions.  




Power plants do not use benchmarking 
studies to generate innovative solutions by 
their employees. 
Maintenance department relies 
on outsourcing companies to 
solve their technical issues 
through innovative solutions.  
Some managers reported 
that analysis of the 
collected benchmark data 
will lead maintenance 
specialists to generate 
innovative solutions for 
continuous improvements.  
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5.4 Findings of Document Review 
One of the key approaches of collecting qualitative data for this research study was the 
analysis of appropriate archival sources and documents. Analysis of document is an 
effective and efficient method of gathering data due to its reliable source. The 
researcher was authorised to access Abu Dhabi power organisations and collect the 
required data for the purpose of this research. The permission was given for data 
collection by the Director General of Abu Dhabi Water and Electricity Authority in 
2017, see Appendix F. The researcher utilised different documentation that involves 
maintenance and asset management policy, asset replacement strategy, audit reports 
(internal and external) of operation and maintenance activities, power plants failure 
analysis reports and performance reports of power networks (monthly and yearly) to 
investigate the critical barriers (operational and cultural) that could affect TPM 
implementation across power plants in Abu Dhabi. Furthermore, documents were 
gathered either as photocopies or as original copies or short notes clarifying their 
formats and contents.   
The researcher reviewed maintenance and asset management policy, asset replacement 
strategy and audit reports of power organisations (case studies) and he revealed that 
maintenance policy had lack of adopting modern maintenance strategies like RCM, 
online condition monitoring techniques and predictive maintenance based on AI 
technologies and industry 4.0 context. He also revealed that aged assets were replaced 
based on expert’s views (subjective analysis) rather than considering numerical 
analysis. On the other hand, audit reports highlighted some issues with power networks 
reliability and costs optimisation. In addition, annual operating costs of maintenance 
activities had increased significantly. Furthermore, there was an issue with data 
cleansing related to historical data of maintenance. MTBF and MTTR were not 
established in CMMS system due to poor data quality and accuracy. In addition, 
reports of critical assets failure analysis were simple due to lack of using advance tools 
like simulation and modeling. Conversely, assets performance reports did not consider 
the KPIs measures related to maintenance activities.   
The researcher revised HR policy of power organisations (case studies) and he 
revealed that in earning patterns, labors and electricians earn 3 times less than 
engineers, who in turn earn 3 times less than senior management. Also, the recruitment 
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and selection for labors and electricians is based on their skill level, while for 
technicians and engineers, the selection is on the basis of their technical competency. 
Most labors, electricians and technicians were found to be high school qualified with 
few holding diplomas, and similarly, the majority of engineers and senior managers 
held a bachelor degree with some also holding postgraduate degrees. 
5.5 Observation of Power Plants  
The researcher utilised participant observation (unstructured and informal) method 
through observing the maintenance activities across case studies Abu Dhabi power 
organisations. He visited the Abu Dhabi power plants several times during his PhD 
research. He observed that the majority of operative staff (labors, lineman, electricians 
and technicians) have different nationality from Pakistan, India and Sri Lanka. The 
preferred language of communication is Hindi and Urdu. The multi-lingual and 
multicultural diversity of power organisations workforce has been identified by the 
researcher. In addition, senior management staff nationalities to be predominantly, 
Arabs, Europeans and Americans. Asian is the predominant nationality of the middle 
management level (department managers, section head, unit head, senior engineers and 
specialists), English language is used between them and senior management. With the 
multiple language literacies, communication can be cumbersome and poses a problem 
in Abu Dhabi power organisations. The workforce structure includes very few women 
in the department of maintenance and operations, although some hold senior staff 
member positions. The results of the participant observations found the following 
unfavourable characteristics in Abu Dhabi power organisations from organisational 
culture perspective:    
 Lower hierarchy levels demonstrated highly limited written communication 
abilities; 
 Intra- and inter-organisational (within and external) practice of limited written 
communication; 
 Wide hierarchical level gap due to verbal communication difficulty; 
 Controlling and domineering attitude and perspective of management towards 
subordinates, with their participation, considered unwelcome and critically 
ignored;  
 Subordinates oriented towards submissive behaviour, and refraining from sharing 
and voicing their opinion; 
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 Traditionally, maintenance work should be conducted by maintenance engineers 
with experience and required skill levels, who are usually difficult to find; 
 Interaction at internal and external levels in the organisation is underpinned by 
collectivism perceptions at the departmental and group level; 
 Financial punishment and blame attribution culture during non-compliance;  
 Reward and punishment accorded solely on the hierarchical superior’s judgment;  
 Higher hierarchical employees displayed extreme reluctance on being grouped with 
lower ones for fear of authority loss and assumed no value addition by the lower 
hierarchical level employees to teams; 
 Fear of insubordination and resultant punishment limited the lower hierarchical 
level employee participation; 
 Management concern for employee well-being, majorly perceived as cost 
implication versus foreseen financial benefit. 
 
The researcher also observed that there were some unfavourable characteristics in Abu 
Dhabi power organisations from technical and operational perspective:    
 
 Most of the time, the randomly developed PM programmes fail to consider 
business functional needs;  
 Limited documentation of standard maintenance procedures within power plants; 
 If available, procedures not in user-friendly or readable format, and current 
information not suitable for operators’, technicians’ or maintenance engineers’ use;  
 Maintenance practitioners consider the recording and documentation of 
maintenance activities as uneasy, heavy, and unpleasant tasks; 
 Asset performance analysts cannot analyse the reliability of power assets due to 
low accuracy and quality of maintenance data;  
 Asset department utilised simple template of root cause analysis for plant failure; 
 Simulation and modeling for the purpose of maintenance optimisation are not 
adopted in power plants;  
 Incomplete information available in equipment catalogues, manuals, and repair 
instructions within power plants; 
 Remedy actions for failure classes in CMMS system are not updated frequently; 
 Operators do not empower and involve in light maintenance activities; 
 Operations and maintenance staff do not perform 5s activities in power plants; 
 Access issues to equipment documentation in power stations; 
 Available equipment documentation is in foreign language, not user-friendly 
format, unclear specifications and standards; 
 Most of the distribution substations 11/0.415 kV do not have automatic and manual 
firefighting system and the first aid box (masks protection); 
 The signboards of emergency exit are not clearly visible; 
 The alarm signal of fire detectors in the distribution substations is not connected to 
control room of distribution management system (DMS); 
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 There is no an effective maintenance programme for air-conditioning system in 
monitoring distribution substations. Thus, high temperature during summer leads to 
damage batteries; 
 There are some distribution substations that store the disconnected or damaged 
batteries inside the substation due to lack of understanding 5s practices; 
 The SCADA system has some issues from the monitoring viewpoint like some 
repetitive alarms are not received in control room while the faulty equipment in the 
substation has trip indication; 
 There is no periodic maintenance and condition assessment of substation’s 
buildings; 
 Power organisations face great challenges in matching the requirements of RSB 
office in terms of KPIs improvements. The main reason behind low KPIs measures 
is the lack of optimising assets through implementing modern maintenance 
practices based on AI technologies.   
 
As revealed in the study, Table 5.4 summarises the inconsistency as found by the 
researcher in the TPM and Abu Dhabi organisational culture. Thus, from the apparent 
divergence and variance in the TPM literature, TPM principles and power 
organisational culture in Abu Dhabi, TPM programme implementation can be very 
challenging. 
 
Table 5. 4 TPM Principles VS. Abu Dhabi Power Organisations Culture  
 
TPM Principles Abu Dhabi Power Organisations Cultural Barriers to TPM 
TPM is people oriented, requires total 
employee involvement. 
Abu Dhabi power plants suffer from a weakness in work group 
culture where focused improvement teams from different 
departments are not recognised for development and 
optimisation targets. 
 
Maintenance goes from being the 
responsibility of the maintenance 
department to being everyone’s 
responsibility. 
Organisation structure in most power companies is characterised 
by centralisation and authoritarianism. Employees are keen to 
keep their authority and refuse to delegate any of their 
responsibilities. 
 
Cultural change can be obtained by 
obtaining competent leaders and managers. 
 
Workers rarely try to acquire new knowledge and have no 
motivation to improve the quality of work. 
Investing in education and training is a 
must. 
Workers rarely try to acquire new knowledge. Also, the 
idolisation of excessive formality, paperwork and routine makes 
investing in education and training a difficult process to actually 
set up training programmes and engaging in favouritism stands 
in the way of providing training to those who deserve the 
training and require it for the benefit of the company. 
 
Top management support is critical to 
ensure successful TPM implementation. 
Most senior management believe in proper procedures and 
conformity to rules rather than goal achievement or risk-taking 
as the key to effectiveness and promotion. 
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5.6 Summary  
This chapter has presented the findings of the qualitative approach that contains the 
semi-structured interviews, documents analysis and participant observation carried out 
across three power organisations (case studies) in the Abu Dhabi power industry 
context. Semi-structured interviews were the main tool of data collection and has 
provided rich in-depth data about the technical (operational) and cultural barriers that 
affect successful implementation of TPM within power industry. The thematic analysis 
of semi-structured interviews data identified eight themes as main barriers related to 
maintenance, policy, CMMS, resources, operators, KPI, safety and audit from 
technical perspective. It also recognised another nine themes as main obstacles 
associated with senior management, change management, empowerment, 
communication, training, teamwork, knowledge, job satisfaction and innovation 
generation from organisational culture perspective. Document analysis has utilised to 
scrutinize the policy related to maintenance and HR. It has also used some technical 
reports associated with audit, plants failure analysis and performance measures (KPIs) 
reports to identify the critical barriers (operational and cultural) that could affect TPM 
implementation. It has presented some issues related to utilisation of modern 
maintenance practices, data cleansing in CMMS, KPIs measures. The analysis of HR 
policy identified a big difference in the salary scales for the operative and senior 
employees. On the other hand, minor observations were also utilised and it has 
recognised some issues related to safety, documentation of standard maintenance 
procedures, monitoring signals from SCAD system, accuracy and quality of 
maintenance data, structure of power organisations, verbal communication difficulty, 
empowerment of operative staff, access issues to equipment documentation. The 
researcher utilised multiple data sources from semi-structured interviews, companies’ 
data archive and participant observation during the analysis to improve the internal 
validity. The researcher confirmed that the findings of interview data analysis are 
consistent with the findings of both document analysis and participant observation.       
The findings of semi-structured interviews, documents analysis and observation will be 
discussed further in “Chapter Seven” to offer explanations and arguments for 
implementing TPM within Abu Dhabi power context. The next chapter will provide 
the results of quantitative data analysis. 
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Chapter Six: Results and Analysis of 
Quantitative Data (Questionnaire + 
Modeling and Simulation) 
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6.1 Introduction  
The previous chapter “5” presented the findings of qualitative data analysis. This 
current chapter intends to provide the results and analysis of quantitative data through 
questionnaire and simulation modeling process. It is divided into five sections whereas 
the first section has presented the response rate of questionnaire and the sample 
representativeness. The second section has explained the participants profile in Abu 
Dhabi power plants. While the third section has identified the results of critical barriers 
(technical and cultural) analysis in implementing TPM as part of Objective Two; “to 
determine the critical technical and cultural barriers that could serve as obstacles 
towards the successful implementation of a TPM programme”. The fourth section has 
presented the results of the hypothesised model testing through performing structural 
equation modelling, using partial least squares path analysis (SmartPLS software 
version 3.0). This inferential statistics analysis will assist the study in meeting the 
research Objective Three; “to examine the potential impact of organisational culture 
and structural empowerment on autonomous maintenance (operators) participation in 
maintenance activities”. Finally, the fifth section has provided the proposed 
maintenance optimisation models that performed good simulation results. The 
simulation process is based on degradation analysis, and FMECA analysis. Based on 
the analysis, remaining useful life (RUL) of critical power assets (transformer paper 
insulation) was determined and optimum maintenance strategy with lower repair costs 
of transformer tap changers were identified. Simulation results are presented to verify 
the analytical approach and validate proposed operational procedures as part of 
research Objectives 4 and 5, refer to section 1.6.3 in chapter one. 
6.2 Sample Representativeness  
Data were collected from 250 professionals in the Abu Dhabi power plants using a 
postal questionnaire. A sample comprising of three participant organisations was 
selected based on their experience in operations and maintenance of power plants, 
particularly in the Abu Dhabi power sector and included power generation, 
transmission as well as distribution organisations. A total response rate of 89.6% was 
achieved with the receipt of 250 out of 224 responses. While 26 questionnaires were 
incomplete and not usable. Some of these questionnaires had either missing data or the 
participants chosen more than one answer for certain questions. Table 6.1 shows the 
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percentage number of the three type of power organisation that participated in the 
study. Moreover, it reveals an overall response rate of 89.60% with power generation 
96.10% and power distribution 82.42% achieving the highest and lowest rates. This 
was viewed as a reasonable number provided that it would denote a sample of 
convenience in light of the study constraints. All the completed questionnaires were 







6.3 Analysis of Demographic Data Questionnaire 
Table 6.2 shows analysis of general demographic profile. It clearly breaks down the 
representative groups within each type of power organisation that including generation, 
transmission, and distribution sectors. From the data, it becomes clear that there are 
some interesting trends that emerge. The breakdown of demographics presents gender, 
age, work experience, level of education, and nationality.   
The initial point that emerges is the emphasis on gender, where 97.3% of the 
workforce is male. It seems that masculinity culture exists in the Abu Dhabi power 
organisations with focused on material success, competitive, and assertiveness. There 
is a clear lack of collaboration, negotiation and participation from all levels across 
power plants. 
The second emergent point is the emphasis on age groups, which are broken down into 
5 sections, the youngest being 18 to 25 year-olds, representing 16.5 percent of the 
workforce, and the oldest being 60 and over, which represents the smallest group of 
5.8%. The majority of the workforce is within the 26 to 35 year range, with more than 
37% represented. The combination of the 36 to 45 year-olds with the 46 to 60 year-
olds, is about 3% more than the majority, so it is clear that the majority are younger to 
middle aged, which explains the next demographic characteristic of work experience.   
Table 6. 1 Responses Rates of Power Organisations 









Questionnaires Returned  
Power Generation 77 74 96.10% 
Power Transmission 82 75 91.46% 
Power Distribution 91 75 82.42% 
Total 250 224 89.60% 
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The highest percentage of 35.3% have an average of 11 to 20 years’ work experience, 
followed by 31.3% with 21 to 30 years’ experience. The lowest percentage is 5.8% 
which is represented by those who have more than 30 years’ experience. Those were 
13 individuals across all three industries, which coincides with those aged over 60 
years. The interesting point within this characteristic is that 17 percent had less than 5 
years’ experience, but there was 10.7% who had from 6 to 10 years’ experience. 
The level of education shows that no individuals hold a PhD and only 3.6% hold a 
master’s degree. The highest percentage have a diploma (33%) and the primary school 
education level came in at 8.9%. The bachelor’s degree came a close second at about a 
third (29.9%). This ties in to the country of origin as well because there is a high 
representation of Middle East (46.4%) and south Asian nationalities (47.8%), almost at 
half each. There is a small group of Southeast Asian coming in at 4.9%. The natural 
cultural expectation from the Middle East requires a diploma or bachelor’s degree to 
enter into a select industry, whereas the south Asian group tends to focus on attaining 
the necessary degrees required for each specific industry. In this case, the numbers 
indicate a common factor within both groups. In power organisations across the UAE, 
southern Asian countries (India, Pakistan, Bangladesh and Nepal) are the predominant 
nationality of the workforce below local senior management level. However, there are 
few operative staff like technicians and operators from Middle East countries (UAE, 
Jordan, Iraq and Egypt). In chapter 2, section 2.6.2, the researcher compared between 
these two regions in national culture based on Hofstede’s cultural dimensions. The 
literature is used to show sufficient similarity exists within the countries in both 
Middle East and South Asia clusters. Thus, the researcher considered them together to 
cluster respondent nationalities. An element of potential interesting further work, 
would be to analyse the questionnaire data to see if there are any notable differences 
between respondents from the Middle East and South Asia. The researcher suggested 
that the demographic categories associated with nationality can be considered in 
further work to perform segmented statistical analysis through comparing the views of 
both regions with different nationalities (for example long-serving or older employees 
versus newer/younger). On the other hand, more than 90% of Emiratis are working in 
senior and middle management positions (directors, managers and unit heads) while 
less than 30% of them are working in operational level positions (engineers, 
technicians and drivers). There was no attempt to distinguish between Emirati 
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respondents and ex-pats due to the inclusion of UAE in the Middle East cluster has 
made this impossible. 
In essence, there is a direct correlation between work experience and age as well as 
level of education and country of origin. The data indicates that those with a higher 
education are the minority as well as those who are older.  It is also clear that there is 
an even distribution of Middle Eastern and south Asian nationalities throughout the 
three types of organisations.  However, there are only 6 females, less than 3% of the 





















Table 6. 2 General Demographic Profile 
Characteristics Frequency Percentage 
Gender 
 






18-25 37 16.5 
26-35 83 37.1 
36-45 42 18.8 






Less than 5 Years 38 17.0 
From 6 to 10 Years 24 10.7 
From 11 to 20 Years 79 35.3 
From 21 to 30 Years 70 31.3 
More than 30 Years 
 
13 5.8 
Level of Education 
  
Primary School 20 8.9 
Secondary School 55 24.6 
Diploma Degree 74 33.0 
Bachelor Degree 67 29.9 
Master Degree 8 3.6 
Doctorate Degree (PhD) 
 
0 0.0 
Country of Origin 
  
Middle East 104 46.4 
South Asian 107 47.8 
Eastern Asian 0 0.0 
Southeast Asian 11 4.9 
African 2 0.9 
European 0 0.0 
North American 0 0.0 
South American 0 0.0 
Other 0 0.0 
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6.4 Analysis of Critical Barriers in Implementing TPM in the 
Abu Dhabi Power Plants 
Many industries have shown an understanding of the needs and significance of TPM. 
However, cultural and technical issues are one of the most critical barriers for 
implementing TPM due to lack of operational aspects as well as lack of best practices 
in change management. Conversely, within Abu Dhabi power plants, there is almost no 
literature to evidence research application in this specific area. Thus, SPSS software is 
utilised to produce descriptive statistics analysis related to second objective of this 
research study “To determine the critical cultural barriers and human factors 
(processes orientation) that could serve as obstacles towards the successful 
implementation of a TPM programme”. Descriptive statistics analysis was conducted 
to identify the critical barriers (technical and cultural) affecting successful TPM 
implementation in the power plants. These barriers are responsible for poor and 
inadequate implementation of TPM practices on the basis of two dimensions: existing 
maintenance practices (technical issues) as well as organisational culture factors. It 
includes 16 barriers (7 technical and 9 cultural barriers) responsible for poor 
implementation of TPM practices. These barriers (variables) were ranked using the 
respondents’ mean and standard deviation responses. 
6.4.1 Analysis of Technical and Operational Barriers that Affect TPM 
Implementation  
The second section of the questionnaire includes a list of 7 variables (barriers) 
responsible for poor implementation of TPM practices. These barriers were ranked 
using the respondents’ mean and standard deviation responses. The relative 
significance/importance of the maintenance practices barriers was ranked through the 
mean value, so that the variables that have the less mean value, have greater 
significance and vice versa. If the variables are equal in the mean value, these variables 
have ranked according to the standard deviation, so that the constructs that have the 
less standard deviation, have greater significance. 
The researcher was identified the reliability of questionnaire through cronhach alpha in 
SPSS. Cronbach's alpha is a measure of internal consistency, that is, how closely 
related a set of items are as a group. It is considered to be a measure of scale reliability. 
A “high” value for alpha does not imply that the measure is unidimensional. Generally 
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the Alpha's coefficient should be > 0.7. Table 6.3 shows the results of reliability for 






The reliability of all constructs is above 0.8 which means the internal consistency of 
questionnaire have high value of Alpha’s coefficient between 0.84 and 0.91. The 
construct of maintenance policy and methods has the highest reliability (0.91) and both 
constructs of computerised maintenance management system (CMMS) and 
maintenance audits have the lowest reliability (0.84). The researcher has adopted 
statements of questionnaire from many authors in the literature review to evidence and 
confirm the construct validity, refer to Chapter 4, section 4.10.2.    
Table 6.4, presents the significance of 7 barriers responsible for poor implementation 
of TPM practices based on technical aspects associated with current maintenance 
practices. Overall, it should be noted that the average significance mean of all technical 
barriers was ranged from 2.48 (the highest) to 3.12 (the lowest), which is less than 4 
(center-neutral). This finding indicates the significance role of all 7 barriers 






Table 6. 3 Constructs Reliability for Technical and Operational Factors  
Technical and Operational Factors Cronbach Alpha 
Maintenance Policy and Methods 0.91 
Maintenance Resources, Tools and Spare Parts 0.89 
Computerised Maintenance Management System 0.84 
Housekeeping 0.85 
Participation of Autonomous Maintenance 0.87 
Health, Safety and Environment Management 0.89 
Maintenance Audits 0.84 
Table 6. 4 Barriers of Technical Aspects that Affect Successful Implementation of TPM 




Maintenance Policy and Methods 2.58 1.46 2 
Maintenance Resources, Tools and Spare Parts 2.85 1.46 5 
Computerised Maintenance Management System 2.73 1.31 4 
Housekeeping 2.48 1.42 1 
Participation of Autonomous Maintenance 2.61 1.34 3 
Health, Safety and Environment Management 3.12 1.55 7 
Maintenance Audits 2.93 1.46 6 
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The rankings in descending order of the significance mean scores of the 7 dimensions 
of the practices model in terms of its impact on implementing TPM programme within 
power industry were as follow: housekeeping (2.48), maintenance policy and methods 
(2.58), participation of autonomous maintenance (2.61), computerised maintenance 
management system (2.73), maintenance resources, tools and spare parts (2.85), 
maintenance audits (2.93) and health, safety and environment management (3.12). The 
results indicated that the highly important measures are related to four dimensions: 
1. Housekeeping, 
2. Maintenance Policy and Methods, 
3. Participation of Autonomous Maintenance and  
4. Computerised Maintenance Management System. 
The researcher prioritises these technical (operational) barriers to help asset managers 
to decide the optimum solutions for overcoming the most potential obstacles that could 
affect the successful TPM implementation and other maintenance strategies. 
6.4.2 Analysis of Organisational Culture Barriers that Affect TPM 
Implementation 
The third section of the questionnaire includes a list of 9 variables (barriers) 
responsible for poor implementation of TPM practices based on organisational culture 
perspective. These barriers were ranked using the respondents’ mean and standard 
deviation responses (interpretive ranking process was explained by the researcher in 
the aforementioned section 6.4.1). Table 6.5 shows the results of reliability for each 
construct of questionnaire (third section). The reliability of all constructs is above 0.8 
which means the internal consistency of questionnaire have high value of Alpha’s 
coefficient between 0.8 and 0.91. The construct of Teamwork and Staff Involvement 
has the highest reliability (0.90) and senior management commitment has the lowest 
reliability (0.8). The researcher has adopted statements of questionnaire from many 
authors in the literature review to evidence and confirm the construct validity, refer to 
Chapter 4, section 4.10.2. Table 6.6, presents the significance of 9 barriers responsible 
for poor implementation of TPM practices based on organisational culture aspects. 
Overall, it should be noted that the average significance mean of all organisational 
culture barriers was ranged from 2.19 (the highest) to 2.93 (the lowest), which is less 
than 4 (center-neutral). This finding indicates the significance role of all 9 barriers 
responsible for poor implementation of TPM programme in the Abu Dhabi power 
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plants. The rankings in descending order of the significance mean scores of the 9 
dimensions of the practices model in terms of its impact on implementing TPM 
programme within power industry were as follow: senior management commitment 
(2.19), management style and empowerment (2.22), training and education (2.29), 
rewards and motivation (2.34), job satisfaction (2.39), knowledge sharing (2.55), 
communication and coordination (2.66), teamwork and staff involvement (2.78) and 














The results indicated that the highly important measures are related to five dimensions: 
1. Senior management commitment, 
2. Management style and empowerment, 
3. Training and education, 
4. Rewards and motivation and  
5. Job satisfaction.  
The researcher prioritises these cultural barriers to help asset managers to decide the 
optimum solutions for overcoming the most potential obstacles that could affect the 
successful TPM implementation and other maintenance strategies.  
Table 6. 5 Constructs Reliability for Organisational Culture Factors 
Organisational Culture Factors  Cronbach Alpha 
Management Style and Empowerment 0.89 
Senior Management Commitment 0.80 
Communication and Coordination 0.84 
Training and Education 0.81 
Teamwork and Staff Involvement 0.90 
Knowledge Sharing 0.87 
Job Satisfaction 0.87 
Rewards and Motivation 0.86 
Change Management 0.84 





Management Style and Empowerment 2.22 1.20 2 
Senior Management Commitment 2.19 1.36 1 
Communication and Coordination 2.66 1.29 7 
Training and Education 2.29 1.15 3 
Teamwork and Staff Involvement 2.78 1.67 8 
Knowledge Sharing 2.55 1.49 6 
Job Satisfaction 2.39 1.61 5 
Rewards and Motivation 2.34 1.55 4 
Change Management 2.93 1.46 9 
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6.5 Testing and Analysis of Study Hypotheses   
The researcher has utilised SEM-PLS through SmartPLS software version 3.0 to test 
the hypothesised model based on Objective 3 “to examine the potential impact of 
organisational culture and structural empowerment on autonomous maintenance 
(operators) participation in maintenance activities”. Participants in the study were 
requested to answer three main questionnaires: Hofstede’s cultural dimensions 
questionnaire, structural employee empowerment questionnaire, and participation of 
autonomous maintenance questionnaire. The researcher explained each construct of the 
research model in addition to a measurement scale (seven Likert), refer to Chapter 4, 
sections, 4.10.2 and 4.10.3. PLS-SEM was utilised for examining the complex 
relationship between independent variables IV (signified by Hofstede (1984, 2003) 
cultural dimensions and factors of structural empowerment) and the sole dependent 
variable DV (participation of autonomous maintenance in power plants). In this study, 
the researcher considered PLS-SEM due to exploratory nature of the present study 
(Richter et al., 2016). Also, he used this approach to test new theory since there is no 
literature that examines the casual relationship between cultural dimensions, structural 
employee empowerment and participation of autonomous maintenance in the power 
industry. The second reason for considering PLS-SEM is focus on prediction and 
development of new knowledge (Hair et al., 2017). The researcher analysed the 
research model into two stages. In the first part, the measurement model is studied to 
determine the reliability (internal consistency) and validity (convergent and 
discriminant validity) of the constructs and research instruments. In the second stage, 
the structural model is analysed to test the hypotheses of the research model. 
6.5.1 Analysis of Common Method Bias  
The researcher carried out this preliminary analysis before testing the model's 
hypotheses to confirm that the model is free from any biases (Hair et al., 2017). 
Podsakoff et al. (2003) highlighted that the CMB (Common Method Bias) test is 
important to expose any biases while performing research among the same category of 
participants and utilising the same kind of Likert scale to measure variables (Podsakoff 
et al., 2003).  CMB refers to “variance that is attributable to the measurement method 
rather than to the construct of interest” (Podsakoff et al., 2003, p. 879). Due to the 
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single survey technique used to collect data, it is possible that it is present (Hair et al., 
2017). 
Therefore, the researcher has examined thoroughly the influence of CMB within this 
study. Even though there are but a small number of statistical tests available to check 
the influence of CMB for SEM-PLS studies, therefore, the researcher chose the 
suitable statistical test to determine the CMB. The method selected involves single-
factor test of Harman (1967) as presented by Podsakoff et al. (2003). To control the 
common method variance, Harman’s one-factor test is carried out during data analysis 
stage. First of all, the researcher analysed the models of measurement using all 
variables in the study (theoretical framework) including organisational national culture 
(Hofstede Model), structural empowerment and participation of autonomous 
maintenance. In this analysis, Harman’s one-factor test was applied to detect any CMB 
occurrence. Aforementioned variables were analysed through exploratory factor 
analysis, utilising unrotated principal components factor analysis to assess if there is 
emerging of one factor or accounting of one general factor over 50% of the co-
variation (forcing the extraction of one factor). The results indicate that the factor 
merged constitutes less than 50% of the variance (21.49%). Furthermore, the single 
factor solution did not emerge and also the general factor did not generate most of the 
variance as illustrated in Table 6.7. Therefore, this study was devoid of any issues with 
common method variance and does not impede the result interpretations. 
Table 6. 7 Summary of Factor Analysis for CMB Test (Total Variance Explained) 
Total Variance Explained 
Factor 
Initial Eigenvalues Extraction Sums of Squared Loadings 
Total % of Variance Cumulative % Total % of Variance Cumulative % 
1 9.412 22.955 22.955 8.811 21.490 21.490 
2 5.544 13.522 36.477    
3 2.882 7.028 43.505    
4 2.429 5.923 49.428    
5 2.087 5.089 54.517    
6 1.886 4.601 59.118    
7 1.512 3.687 62.805    
8 1.388 3.386 66.191    
9 1.103 2.689 68.881    
10 1.048 2.555 71.436    
11 .903 2.203 73.639    
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12 .824 2.009 75.648    
13 .764 1.865 77.513    
14 .750 1.829 79.341    
15 .702 1.711 81.053    
16 .678 1.653 82.706    
17 .603 1.470 84.176    
18 .587 1.431 85.607    
19 .547 1.335 86.942    
20 .533 1.301 88.243    
21 .504 1.230 89.473    
22 .438 1.069 90.542    
23 .388 .946 91.488    
24 .376 .916 92.405    
25 .341 .832 93.237    
26 .324 .791 94.028    
27 .291 .710 94.738    
28 .273 .666 95.404    
29 .263 .641 96.045    
30 .239 .584 96.629    
31 .224 .546 97.175    
32 .201 .490 97.665    
33 .185 .452 98.117    
34 .156 .381 98.498    
35 .128 .313 98.811    
36 .119 .289 99.100    
37 .098 .240 99.340    
38 .091 .222 99.563    
39 .073 .177 99.740    
40 .067 .163 99.903    
41 .040 .097 100.000    
Extraction Method: Principal Axis Factoring. 
 
6.5.1 Results of Measurement Model 
Firstly, the measurement model was assessed to underpin and meet the convergent 
validity. This was examined through the average variance extracted (AVE), composite 
reliability (CR), Cronbach's Alpha and factor loadings. In concurrence with Hair et al. 
(2017) the CR was used to measure the constructs’ internal consistency. A threshold 
criterion of 0.70 has been reported for CR Hair et al. (2017) and in this study all the 
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included latent variables were found to exceed this threshold criterion. In addition, the 
assessment of both the parameters of factor loadings, and AVE were used to assess the 
constructs’ convergent validity. In this study, few items (PAM1, PAM4, FIP4, ATS16 
and ATS19) have factor loadings between 0.6-0.7 (below the recommended level 0.7), 
see both Tables 6.8 and 6.9. However, it has been reported by Hair et al. (2017) that 
for social science studies the acceptable factor loadings are between 0.6-0.7. Similarly, 
an adequate convergent validity is suggested for cases with AVE value above 0.5 (Ali 
et al, 2018; Hair et al., 2017; Richter et al., 2016). In this study all the involved latent 
variables demonstrated AVEs and factor loadings, which were above the 
recommended levels. Correspondingly, for all the constructs, the results of CR, 
Cronbach’s alpha, and AVE as well as the factor loadings are presented in Table 6.8 
and Table 6.9. 
Table 6. 8 Assessment of Organisation Culture Factors (Hofstede's Model) and Participation of 
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Discriminant validity was measured by two main criteria containing Forner-Lacker and 
cross-loadings criterion to assess the validity of research constructs and measuring 
instruments within the research model as suggested by Hair et al. (2017). According to 
Forner-Lacker criterion each latent variables’ square root of AVE is supposed to be 
more than its correlation with other latent variable. The researcher in the current study, 
as such, inferred a higher correlation with other latent variable of each latent variables’ 
square root of AVE with the application of this approach. The correlation matrix and 
square root of AVE is presented in Table 6.10. 
The values on the matrix diameter show the correlation for the square root of AVE  
 
 
The correlation matrix in the above Table 6.10 highlights a negative relationship of 
Hofstede’s cultural dimensions (excluding collectivism dimension) with employee 
empowerment and participation of autonomous maintenance. This is manifested 
through formal and informal power, opportunity, access to resources, access to 
information and access to support (dimensions of structural employee empowerment). 
On the other hand, the researcher assessed the discriminant validity of the research 





Table 6. 10 Correlation Matrix and Square Root of AVE (Fornell-Larcker Criterion) 
 Variable ATI ATS MF SEE CI Opp PAM PD ATR FIP UA 
ATI 0.851 
         
  
ATS 0.205 0.758 
        
  
MF -0.209 -0.224 0.826 
       
  
SEE 0.463 0.541 -0.288 0.794 
      
  
CI 0.279 0.374 -0.273 0.472 0.736 
     
  
OPP 0.638 0.235 -0.213 0.609 0.266 0.872 
    
  
PAM 0.135 0.255 -0.128 0.235 0.244 0.127 0.763 
   
  
PD -0.108 -0.098 0.091 -0.163 -0.208 -0.109 -0.011 0.920 
  
  
ATR 0.504 0.398 -0.226 0.672 0.336 0.514 0.126 -0.131 0.761 
 
  
FIP 0.231 0.417 -0.177 0.618 0.466 0.225 0.213 -0.143 0.369 0.743   
UA -0.133 -0.112 0.063 -0.187 -0.275 -0.135 -0.117 0.736 -0.154 -0.143 0.958 
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*Note. The highlighted items/indicators classify the items that belong to the column’s construct 
 
 
Assessment of the cross-loadings (second criterion of discriminant validity) revealed 
that the outer loading of an item is greater than all its cross loadings with other 
constructs as suggested by Hair et al. (2017), see the above Table 6.11.  
 
 
Table 6. 11 Cross Loadings 
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6.5.2 Results of Structural Model 
 The relative importance is highlighted through the significance of each indicator’s 
weight. Also, through boot-strapping process, one can examine the absolute 
importance, which is represented by the loading. The bootstrapping procedure needs at 
least equivalent cases as original samples’ observation (Hair et al., 2017). In the 
current study, the boot-strap technique with 1000 sub-samples was utilised to estimate 
T statistic and hence indicate the path coefficients’ significance (Ali et al., 2018). 
Furthermore, for the determination of each predictor variable’s share in deriving an 
explanation of the variable variance the criteria of path coefficients are applied as per 
Hair et al. (2017). Also, using predictor variables the explained variance of criterion 
variable is indicated by the R² square amount (Ali et al., 2018). The researcher in this 
study was used SmartPLS 3 software for modeling and examining the significance of 
indicators’ weights and relevance. The tested model is illustrated in Figure 6.1. 
Figure 6. 1 Tested Model of the Research (* p ≤ 0.05; ** p ≤ 0.01) 
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As Figure 6.1 specifies, the impact of employee empowerment on participation of 
autonomous maintenance in the power industry is positive and significant at 0.000 (β = 
0.266). The impact of power distance (β = -0.121) and masculinity (β = -0.156) on 
employee empowerment is negative and significant at 0.046 and 0.002 respectively. 
However, the impact of collectivism (β = 0.500) on employee empowerment is 
positive and significant at 0.000. On the other hand, the impact of uncertainty 
avoidance on structural empowerment was not statistically significant. Furthermore, 
employee empowerment explains 37% of changes in participation of autonomous 
maintenance; and cultural dimensions in general explain 10.7% of changes in 
employee empowerment. Table 6.12 shows the results of testing the research 
hypotheses. According to the Table 6.12, hypotheses 1, 2, 3, and 4 are supported but 
hypothesis 5 is rejected. 
 
 
Statistically Significant (* p ≤ 0.05; ** p ≤ 0.01)  
6.6 Simulation Results and Analysis 
The researcher utilised maintenance optimisation models (modeling and simulation) to 
achieve the research objectives 4 and 5, refer Chapter one, section 1.6.3. Thus, the 
researcher performed analysis of prognostic technique (based on degradation data and 
analysis) to predict the potential failure of critical asset before occurring. Also, he 
integrated RCM and TPM through utilising maintenance optimisation model to select 
the optimum maintenance actions at lower maintenance costs. Simulation research 
methods were explained by the researcher in Chapter Four, section 4.11. He utilised 
Availability Workbench (AWB) Monte Carlo simulation + ReliaSoft’s Weibull 
simulation to build a proposed solution based on operational steps and utilisation of a 
simulation model to empower and enable participation of autonomous maintenance 
(operators) in maintenance activities in the power industry.  





Significance                  
( P-Values) Result 
Employee Empowerment >> Participation of 
Autonomous Maintenance 
0.266 7.220        0.000** H1 Supported 
Power Distance >> Employee Empowerment  -0.121 2.109       0.046* H2 Supported 
Masculinity >> Employee Empowerment -0.156 5.456 0.002** H3 Supported 
Collectivism >> Employee Empowerment 0.500 6.056 0.000** H4 Supported 
Uncertainty >> Employee Empowerment -0.008 1.045        0.432 H5 Not Supported 
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6.6.1 Prognostic of Transformer’s Paper Insulation Based on 
Degradation Analysis 
Condition monitoring data of power transformers is provided and it involves time of 
inspection, degradation measurements of DP values that contains functional failure 
time for each unit, and the five critical power substation names. Selecting the suitable 
degradation model is the first step in this analysis to fit the observed condition 
monitoring data of the power transformer. As paper insulation degrades over a long 
period of time and when it reaches the functional failure (its DP value less than 200), 
then the power transformer is replaced. Due to renewal processes of power 
transformers, the exponential distribution as degradation model is adequate for these 
kinds of failures. After running the simulation, the Weibull++ 9 generates the 
simulation results of RUL for paper insulation, see Table 6.13. The shape parameter β 
is 8.32 and scale parameter η is 173.52. Also, the fitting of Weibull distribution is very 
high based on the correlation coefficient ρ = 0.98. On the other hand, the simulation 
suggests the PM optimal time is 126.85 months around 10.5 years at minimal cost 







When the degradation model parameters are calculated for each unit (power 
substation) then the model can estimate the warning limit (times) of paper insulation. 
This is done by selecting the critical degradation with DP value = 300 from the main 
tab of the control panel. A plot of degradation versus time with the warning limit and 
functional failure of paper insulation labelled in Figure 6.2 shows how the DP of the 
power transformers degrades over time. As illustrated in Figure 6.2, ReliaSoft's 
Weibull++ 9 software shows the prediction of wearing limit (potential failure time in 
month) of power transformers paper insulation for five critical substations. This 
wearing limit is equal to the “P” point in the P-F curve and its prediction is based on a 
prognostic technique (Statistical Trend Extrapolation). Further, these paper insulations 
Table 6. 13 Plant Failures by Year 
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degrade over a long period of time due to poor maintenance practices and when they 
reach the functional failure (its DP value at less than 200). Due to the power 
transformer renewal process and constant failure rate of paper insulation, the 
exponential distribution is adequate degradation model for this kind of failure mode 
(degradation of paper insulation). After running the simulation, the Weibull++ 9 
generates the potential failure predication time (P point in months) of the paper 
insulation for five critical power transformers at the Abu Dhabi power sector and can 
be seen in Table 6.14.   
Figure 6. 2 Estimating the P-F Interval of Power Transformer Paper Insulation at Abu Dhabi 
Power Organisation 
Table 6. 14 Prediction of Potential Failure Time (P Point in Month) 
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Table 6. 15 Prediction of P-F Interval (in Month) 
On the other hand, field operators in power plants need to analyse simulation results 
through estimating the P-F interval of power transformer’ paper insulation based on 
the calculation that can be seen in Table 6.15. The minimum P-F interval is 27 months 
around 2 years and the average P-F interval is 37 months around 3 years (27 months). 
That means due to bad maintenance practices, low quality and capability of 
maintenance crews (lack of knowledge, shortage of expertise and lack of using 
artificial intelligence applications in maintenance), operators need to keep attention 
every two years to predict any abnormality on critical power assets. However, 
empowerment of operators is important through providing extensive on job training 
programmes and knowledge transfer schemes about modern maintenance strategies 
(predictive maintenance with condition monitoring approaches) and maintenance 
optimisation models. Building capabilities of maintenance crews will result in 
increased average P-F intervals of more than 3 years (37 months) and hence enable 
maintenance engineers and operators to perform optimum maintenance tasks cost 
effectively. Implementing this kind of an innovative analysis method by participation 
of autonomous, in predicting the P-F interval of power plants using maintenance 








Furthermore, the researcher performed simulation modeling on power transformer 
paper insulation based on prognostic and degradation analysis and hence the software 
generates the simulation results (based on functional failure time = 168 month) that 
involve reliability of power transformer paper insulation R (t=168) = 0.47, its 
probability of failure Q (t=168) = 0.53, its reliable life t (R=0.5) = 166.03 month, its 
B10% life = 132.38 month, its mean life (MTTF) = 163.71 month, its mean remaining 
life (MRL) = 15.32 month and its failure rate = 0.038/month. These results will 
empower operators through increasing the knowledge levels about their own 
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equipment (like power transformers) in the power plants. However, senior managers 
need to empower operators through giving them full delegation of authority to conduct 
like this analysis by utilising maintenance optimisation models (modeling and 
simulation analysis). This action by senior managers will empower operators through 
having high self-esteem and performing light maintenance tasks on the basis of their 
capabilities and risk criticality analysis associated with selected maintenance tasks.  
 
6.6.2 Selecting Optimum PM Strategy and Maintenance Costs 
Optimisation for OLTCs Based on the RCM Tools and FMECA Analysis  
The researcher presents comparative simulations of the non-homogeneous Poisson 
process model to show failure causes characteristic attained from FMECA using 
RCMCost AWB simulation. OLTC failure rates include random failures and variable 
failure times, thus optimised failure times can minimise OLTC failure costs, which can 
subsequently result in minimised OLTC PM costs. Failure modes and maintenance 
costs of OLTC are obtained from RCM information-worksheets to optimise the PM 
through AWB simulation. Furthermore, for failure times of OLTCs, the Weibull 
distribution has been selected as a fitted lifetime distribution. After running the 
simulation, the PM optimisation is shown in Figure 6.4 based on the selection of a 
Weibull distribution which presents its random sample. The PM optimisation plot in 
Figure 6.4 recommends optimum interval for PM at 6,570 operating hours (every 274 
days) for OLTC related failures. The lowest cost at this optimum interval is AED 
Report Type Weibull++ QCP
Name Abdulla Yaslam Awad Musallem  Alseiari
Company University of Bolton
Date 12/21/2018












Figure 6. 3 Simulation Results for Power Transformer Paper Insulation Based on Prognostic and Degradation 
Analysis  
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Dirhams 5,476 (circa £1,490) according at the cost curve. The figure shows criticality 
targets for maintenance tasks for the environmental, safety, and operational within an 
acceptable level and have a lower level of risk from 2,200 to 6,600 operating hours. 
 
In conclusion, the maintenance strategy of OLTC results from the RCM decision 
worksheet. It seems that, PM optimisation at 6,570 operating hours will also optimise 
labour, spares, and outage (planned and downtimes) costs. In addition, PM activities at 
this interval will increase the availability of OLTC as well as meet operational, 
performance and safety targets. 
Figure 6. 4 PM Optimisation Plot for OLTC 
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The graph in Figure 6.5 shows the cost contribution of failure modes (causes) toward 
the effects, labor and operational it has on the power transformer. Failure modes of 
transformers, such as OLTC, bushings and transformer’s tank contribute significantly 
to the cost of failure of the transformer. Cost contribution of labour is slightly higher 
than effects cost due to high frequencies of conducting PM tasks and condition-based 
maintenance through condition monitoring for power transformers. 
 
The downtime labor profile following corrective, inspections and PM on the OLTC are 
presented in Figure 6.6. Note that the frequency of PM is more compared to the 
corrective activities. However, the large PM times are due to the recommendations 
specified by the original equipment manufacturers. 
  
Figure 6. 5 Cost Contributions of Power Transformer Failure Modes 
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6.7 Summary   
Questionnaires were distributed with 250 employees, including engineers, maintenance 
planners, technicians, and operators using a hand-delivered questionnaire. The research 
findings has identified the results of critical barriers (technical and cultural) that 
affecting successful TPM implementation across Abu Dhabi power organisations. The 
results indicated that the greatest technical barriers in TPM implementation were four 
dimensions: housekeeping; maintenance policy and methods; participation of 
autonomous maintenance and CMMSs. The research results presented the significance 
of 9 barriers responsible for poor implementation of TPM practices based on 
organisational culture aspects. The results specified that the highly important measures 
are related to five dimensions: senior management commitment; management style and 
empowerment; training and education; rewards and motivation and job satisfaction. 
With respect to the understanding of these barriers and obstacles in TPM 
implementation, the findings can contribute towards improved equipment operations 
Figure 6. 6 Labor Downtime Maintenance Profile 
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and maintenance in power organisations. Conversely, the researcher has presented the 
results of the hypothesised model testing through performing structural equation 
modelling, using partial least squares path analysis (SmartPLS software version 3.0).  
Participants in the study were requested to answer three main questionnaires: 
Hofstede’s cultural dimensions questionnaire, structural employee empowerment 
questionnaire, and participation of autonomous maintenance questionnaire. The 
research results indicated that power distance and masculinity/femininity dimensions 
had a direct negative and meaningful effect on employee empowerment. On the other 
hand, collectivism had a direct positive effect on employee empowerment. 
Furthermore, structural empowerment had a direct positive impact on autonomous 
maintenance participation in the power industry. Besides, the effect of uncertainty 
avoidance on structural empowerment was not statistically significant. In short, the 
findings confirmed the role of organisational culture and structural employee 
empowerment in participation of autonomous maintenance. This research will 
contribute to bridge the current gap in knowledge. Consequently, this research 
presented a novel methodology including modelling and simulation to support 
participation of operators in maintenance activities based on their capability, skills and 
technical knowledge. The findings emphasised issues related to maintenance practice 
operations, suggesting optimal maintenance strategies with lowest maintenance costs 
that predict potential failure time of critical power plants. The proposed methodology 
integrated methods and principles of RCM and TPM and utilised diverse tools based 
on maintenance optimisation models to support operators in decision making through 
identifying new policies for machine maintenance or assessment and enhancement of 
existing maintenance plans. The proposed maintenance optimisation models performed 
good simulation results, and the latter show that the proposed models are really a new 
contribution in the area of TPM implementation in the power industry. Simulation 
results are presented to verify the analytical approach and validate proposed 
operational procedures. The analysis was based on degradation analysis, and failure 
mode effective and criticality analysis (FMECA). Based on the analysis, remaining 
useful life (RUL) of critical power assets (transformer paper insulation) was 
determined and maintenance costs of transformer tap changers are optimised. With 
respect to the simulation results of power transformers, the findings can contribute 
towards improved equipment operations and successful implementation of TPM in 
power organisations. 
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7.1 Introduction  
This chapter discusses the findings and results revealed in chapters 5 and 6. It is 
organised into four sections. The first section, discusses findings of the case studies 
(technical and cultural barriers). While the second section, discusses the most critical 
barriers that affect TPM implementation. Furthermore, section three discusses the 
empirical results of hypothesised model. The fourth section, discusses the simulation 
results of degradation and RCM analysis. Discussions in this chapter intend to identify 
any differences and similarities through comparing findings with existing literature 
review in chapters 2 and 3.  
7.2 Identifying the Barriers Affecting TPM Implementation in 
the Power Plants 
This section discusses the findings of qualitative approach (interviews) from chapter 5 
with the following subsections (5.3, 5.4 and 5.5). Moreover, the researcher has 
discussed the findings of observation and documents analysis. However, the findings 
of interviews are the main discussion with the below sub-sections (7.2.1 and 7.2.2). 
This section of the findings discuss the following in the context of the Abu Dhabi 
power organisations, the barriers (technical and cultural) that affect TPM 
implementation across power plants. The underlying aim in the discussion is to 
identify the critical characteristics of the current maintenance practices (processes 
orientation) and organisational culture, and subsequently aid in identifying obstacles to 
successful implementation of TPM. The existing technical and cultural barriers 
highlight that the TPM implementation in Abu Dhabi Power Industry would be quite 
challenging. Furthermore, this viewpoint is corroborated by various power 
organisations, which is evidenced by the semi-structured interviews that were 
conducted by the researcher during the study with senior and management staff. The 
findings of these interviews and their analysis reveals the requirement of radical 
organisational changes towards successful TPM implementation. Based on the 
interviews' findings, it can be safely assumed that the Abu Dhabi power industry 
organisational culture poses as the primary obstacle to implement TPM in the power 
plants. Furthermore, this section is divided into three subsets as the following:     
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7.2.1 Discussion of Maintenance Practices (Technical) Factors 
Affecting TPM Implementation  
According to the main findings of case studies (interviews) in chapter 5, Table 5.2, 
most of senior managers indicated that there are difficulties and barriers associated 
with maintenance from perspectives of strategy, replacement and costs. Participants 
reported that there is clear lack of implementing modern maintenance practices like 
RCM, TPM, predictive maintenance and on-line condition monitoring techniques 
based on artificial intelligence technologies. The reason behind this finding is the lack 
of strategic direction in maintenance and asset management. Thus, in the absence of 
existing predictive and productive maintenance strategies, an abrupt switch to TPM 
would be challenging, though not impossible. This finding suggests that power 
companies attempting to enhance their quality should focus on improving the 
efficiency of the equipment and developing their maintenance structure. This finding is 
consistent with previous studies (McCarthy and Rich, 2015; Attri et al., 2014; Baglee 
and Knowles, 2010; Alsyouf, 2009; Ahuja and Khamba, 2008a&b; Chan et al., 2005; 
Bamber et al., 1999). Another important finding reported by the participants was that 
aged assets were replaced through qualitative assessment of asset health index. This is 
due to lack of historical maintenance data. For this reason, senior asset managers do 
not have ability to decide whether to replace, make a rehabilitation or decommission 
aged assets. The Section head of power facilities from transmission network (TX-3) 
said that “When we have critical asset which is near to the end of its life cycle so we 
take decision whether to replace this asset or to make a rehabilitation for this asset or 
to decommission this asset. This is decided by the asset performance department 
actually based on asset health index criteria”. Gabbar et al. (2003) have explained how 
to calculate the optimal intervals of asset replacement within proposed integration 
model between RCM and CMMSs and hence this integration will result in optimising 
replacement costs of critical assets. Thus, this finding suggests that power 
organisations should integrate TPM programme with maintenance optimisation models 
through participating operators in analysing the simulations results. This will result in 
generating accurate decision analysis based on numerical analysis. However, database 
structure needs to maintain within CMMS to extract the required maintenance data 
easily by operators. This finding is in line with those of previous studies (Ghazi, 2016; 
Poduval et al., 2015; Gabbar et al., 2003). Most of the participants indicated that costs 
of preventive maintenance are quite high. One senior engineer (TX-6) from operations 
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department in transmission network reported that “There was no feedback from asset 
performance department regarding PM costs optimisation”. The reason behind this 
barrier is the high number of PM tasks that performed periodically. There is also 
isolation between operation and maintenance teams which result in low workforce 
utilisation. This isolation increases the maintenance costs in terms of manpower and 
transportation through cars between offices, power plants and warehouses. Although 
this issue could be the most challenging for companies to overcome, the real 
participation of operators in maintenance activities may reduce the maintenance 
expenses. According to Ben-Daya (2000), RCM may enhance the implementation of 
TPM through PM programme of high efficacy that need to be developed to ensure 
optimal OEE and enable autonomous maintenance operators to perform their tasks 
easily. Thus, the process of RCM offers a justification of PM activities for every single 
piece of machine/system and hence optimise maintenance costs of PM tasks. RCM has 
a cost-efficient application through optimising fault detection method. However, RCM 
needs huge amounts of efficient historical data, while the current findings of case 
studies showed that power organisations have a lack of historical data of their assets. 
These findings suggest that power utilities should develop a holistic framework for 
integration of TPM and FMEA for reducing overall production cost and improving 
quality and reliability. In addition, intelligent systems that can be used for maintenance 
management have now become as the solution to overcome these complicated 
requirements. Thus, the growth in usage of maintenance optimisation models, 
combined with a sharp cost reduction has led to AI technologies within the 
maintenance management field. In fact, maintenance costs optimisation will enable 
organisations to manage their resources effectively during TPM implementation stage. 
This finding is in agreement with those obtained by Braglia et al. (2019); Baglee et al. 
(2017); Poduval et al. (2015); Waghmare et al. (2015); Baglee and Knowles (2010); 
Gabbar et al. (2003).  
On the other hand, most of the senior managers indicated that there are challenges and 
obstacles related to maintenance policy from perspectives of access, reviewing and 
standards procedures. Participants specified that hard and soft copies of maintenance 
policy for old power stations are lost due to restructure of Abu Dhabi power sector in 
1999. Also, soft copies of maintenance policy cannot access by operative staff due to 
restrictions in accessing computers in both offices and power stations. Senior engineers 
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and supervisors have the permission to use and access the computers. However, the 
efficiency of maintenance in TPM primarily relies on the accessibility of appropriate 
information (Attri et al., 2014; Wang and Lee, 2001). It is, therefore, necessary to 
empower all operative staff to access maintenance policy to perform the right actions 
effectively. Participants also highlighted that maintenance policy that involves 
maintenance job plans, tasks and frequency does not update on a regular basis. A 
possible explanation for this finding may be the lack of having experts in reviewing 
asset policy. Another possible explanation for this is that poor commination and 
coordination between maintenance and asset performance departments. Thus, unclear 
objectives and policies as regards to TPM implementation further lead to unsuccessful 
adoption. This is the reason why Davis (1997) indicates that poor and inadequate 
structure backing TPM initiatives is what causes its implementation failure in 
manufacturing facilities in the UK. Conversely, participants indicated that there is no 
standard operating producers for operations and maintenance of power plants due to 
different suppliers like SIEMENS, ABB, Hitachi, Toshiba, etc. Those suppliers take 
the responsibility for heavy maintenance programmes because they have the 
specialised in the area of their switchgear design. Ahuja and Khamba (2008a, 2008b) 
have stated that major obstacles to TPM implementation faced by manufacturing sector 
are absence of a standard operating procedures for implementation. Thus, these 
findings suggest that updating and reviewing maintenance policy should be conducted 
on a regular basis. In addition, power organisations should recruit specialists and 
experts from aforementioned suppliers to overcome any issue linked with standard 
operating producers in maintenance activities. These findings are in agreement with 
those obtained by Jain et al. (2018); Attri et al. (2014); Baglee and Knowles (2010); 
Ahuja and Khamba (2008a, 2008b); Wang and Lee (2001). 
Furthermore, most of the senior managers specified that there are barriers and 
problems correlated with CMMS system from perspectives of data, recording, 
scheduling and analysis. Participants stated that asset management department are 
suffering from data accuracy due to lack of feedback from maintenance department 
who are main source of data in terms of maintenance activities. A possible explanation 
for this might be that data of equipment performance are not stored or collected in the 
majority of power plants. Another possible explanation for this is that operative staff 
cannot collect and store the maintenance data due to excessive pressure and heavy 
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maintenance schedules. This confirms that there are no written procedures in the 
workplace to collect and analyse the power plants problems due to poor maintenance 
system. Data is significant to build an effective TPM programme across power 
organisations. This programme will enable Abu Dhabi power organisations to move to 
implement mix maintenance strategies based on artificial intelligence technologies. 
However, these technologies need an accurate data to build AI applications. Willmott 
el al. (2019) elaborated that data plays important role in performing TPM strategy with 
industry 4 application based on AI technologies that linked with predictive 
maintenance and condition monitoring techniques. It can thus be suggested that power 
organisations should install sensors technologies on critical power plants to gather and 
store the important signals automatically within CMMS system and hence enable 
operators to analyse any abnormal signals in advance. This will result in establishing 
on-line condition monitoring techniques and selecting the optimal maintenance 
strategy with lowest maintenance costs through decision support system. This finding 
is consistent with Willmott et al. (2019); Baglee and Knowles (2010); Garg and 
Deshmukh (2006); Labib (2004); Dekker (1996). Participants also reported that critical 
information related to maintenance activities such as: MTBF, MTTR, repair costs and 
off-line condition monitoring data are not recorded in CMMS system. The reason 
behind this finding is the lack of awareness about significance of these variables. 
Another possible explanation for this is that power plants do not have data scientists 
who can classify the maintenance data and build failure classes of whole power assets 
within CMMS system. Absence of using CMMSs for recording historical data of 
machine is the critical barrier affecting TPM implementation. In addition, any changes 
in the operating condition are not fully reflected into the CMMS. Ahuja and Khamba 
(2008a) have stated that lack of CMMSs is another prominent technological hindrance 
that affects fruitful adoption of TPM in manufacturing organisations. It is, therefore, 
necessary to develop entire system of autonomous maintenance that all important data 
relating to the performance and state of the equipment should be recorded to enable the 
skilled operators to analyse the recording data and hence the results utilised to optimise 
maintenance activities. This will result in supporting expert maintenance engineers 
through tackling more complex problems arising and identifying effective maintenance 
strategies. This finding is consistent with Baglee and Knowles (2010); Ahuja and 
Khamba (2008a); Gabbar et al. (2003); Prickett (1999). Furthermore, another 
important finding was that power plants had high percentage of unplanned shutdown 
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due to lack of scheduling preventive maintenance activities effectively and selecting 
the optimum period to perform these maintenance tasks. Another possible explanation 
for this is that CMMS system cannot generate preventive maintenance schedules 
automatically due to certain difficulties associated with location of some assets and 
whether these assets are active or not in the service. This confirms there is lack of 
knowledge of using all features of CMMS system. Thus, this barrier would often result 
in critical PM activities being neglected due to the increase in production demands. 
Attri et al. (2014) reported that the absence of proper schedules for preventive 
maintenance and insufficient use of CMMSs is another prominent technological 
hindrance that affects fruitful adoption of TPM in manufacturing organisations. It is, 
therefore, necessary to schedule all PM tasks through CMMS to sustain quality and 
minimize total down time. This finding is in line with those of previous studies 
(Jamkhaneh et al., 2018; Ghazi, 2016; Poduval et al., 2015; Attri et al., 2014; Baglee 
and Knowles, 2010). Participants also reported that historical data such as reports and 
graphs extracted from CMMSs were not analysed by maintenance engineers. One 
maintenance director (GX-1) from power generation plant reported that “we did not 
implement any AI tools such as predictive maintenance tools and software to analyse 
the historical data”. A possible explanation for this might be that lack of asset 
management, heavy workloads, low accuracy of data, lack of artificial intelligence 
applications, lack of having simulation and modeling software, lack of using NDT 
equipment, lack of having expertise in analysing maintenance and reliability data. 
Labib (1999) indicated that the lack of use of reports and graphs containing historical 
data in CMMS for decision making and analysis renders it inappropriate for use. This 
finding suggests that senior asset performance managers should establish strong 
analytical platform solution based on AI technologies to enable asset performance 
engineers to use the advance analytical tools like: FMECA, FTA, RPN and simulation 
and modeling analysis. This finding is in agreement with those obtained by Braglia et 
al. (2019); Labib (2004); Baglee and Knowles (2010); Gabbar et al. (2003); Labib 
(1999); Prickett (1999). These aforementioned findings show the lack of recording 
relevant maintenance information and an unsuccessful analysis of the current historical 
data. These barriers will create a problem associated with maintenance strategy 
development by asset managers. Thus, power organisations should take enough time to 
understand human attitudes and the available technologies in general to achieve the 
quantifiable benefits in the long-term period. These findings has shown that advance 
Optimising Total Productive Maintenance (TPM) and Asset Management Strategies through Artificial Intelligence 
(AI) Technologies: the Development and Enhancement of Abu Dhabi Power Networks 
270 
 
applications like SCADA and CMMS systems are available within power plants but 
these technologies need innovative adaptations to resolve the above problems.      
On the other hand, most of the senior managers indicated that there are challenges and 
obstacles related to maintenance resources from perspectives of tools and materials, 
manpower and software. Participants indicated that control of spare parts and tools is 
difficult during emergency. Some spare parts reach to zero items in CMMS system. 
The reason behind this finding is the lack of having effective maintenance planning 
and scheduling. Another possible explanation for this is that resources involves spare 
parts, tools and materials are not organised well in CMMS system. It is not easy to find 
most of resources when failure of critical assets is occurred in power networks. 
Willmott el al. (2019) clarified that TPM implementation needs efficacious 
management of maintenance resources to optimise spare parts utilisation. This finding 
suggests that power organisations should establish an effective inventory and 
procurement management system to overcome the above issue. This finding is in line 
with Jain et al. (2018); Ghazi (2016); Poduval et al. (2015). Another important finding 
was that there is an overlapping between maintenance, operation, cable and overhead 
lines staff in maintenance activities. Also, major maintenance tasks are performed 
through outsourcing due to lack of expertise. The reason behind this finding is the lack 
of workforce utilisation and lack of having specialists in maintenance activities. It is, 
therefore, necessary to recruit specialists and have sufficient investment of manpower, 
time, finance and resources. However, unwillingness to make this investment can 
prove to be a stumbling block in the TPM adoption. This finding is consistent with 
those of Choudhari and Gajjar (2018); Ghazi (2016); Poduval et al. (2015). 
Participants also indicated that there is no utilisation of software (simulation and 
modeling) during analysis of failure and they use simple root-cause analysis. One 
section head of maintenance scheduling (TX-8) recalled that “Data generated from 
condition monitoring, inspection and SCADA system are not analysed………..due to 
lack of utilising AI models in maintenance optimisation”. Baglee et al. (2017) 
discussed that intelligent systems that can be used for maintenance management have 
now become as the solution to overcome these complicated requirements. 
Furthermore, to ensure TPM implementation is a success, Oleghe and Salonitis (2019) 
stated that the development of mathematical modeling as a tool of decision-making is 
essential in improving of TPM programme. This finding may be explained by the fact 
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that lack of data accuracy and lack of expertise in failure analysis can hinder the 
utilisation of maintenance optimisation models. This finding suggests that power 
organisations should introduce the mathematical models within maintenance activities 
to speed up the implementation and success of TPM. This finding is in line with those 
of previous studies (Oleghe and Salonitis, 2019; Braglia et al., 2019; Baglee and 
Knowles, 2010; Labib, 1999). 
Furthermore, most of the senior managers specified that there are barriers and 
problems correlated with operators from perspectives of experience, capability, 
delegation, safety and resistance. Participants stated that operators do not have enough 
technical knowledge and experience in the maintenance activities. However, they have 
only knowledge and procedures related to switching (open and close) power plants. 
One maintenance division manager from power distribution network reported that 
“Operator has to understand the function of equipment to maintain it……………there 
are different disciplines in substation maintenance like gas insulated switchgear (GIS), 
power transformers and protection. So operators need to have knowledge and 
experience for each discipline”. The reason behind this is that senior managers cannot 
trust on capabilities of operators to perform the maintenance tasks. Another possible 
explanation for this is that diagnostic capabilities and maintenance skills of equipment 
operators are not generally considered significant when hiring operators. One section 
head of power facilities (TX-3) from transmission network said that “Capability of 
operators is limited at this time to do preventive maintenance or inspection activities”. 
Mad Lazim et al. (2017) argued that if operators are skilful and knowledgeable, many 
tasks can be executed without incurring big changes in performance. This finding 
suggests that development of operator’s capabilities is a significant factor for 
successful implementation of TPM. However, power organisations should be taken 
into account include employee age and skills when employing operators. Recruitment 
of TPM experts with diagnostic capabilities make staff aware about proper execution 
of TPM programme. This finding is consistent with Willmott el al. (2019); Attri et al. 
(2014); Riccetti (2013); Baglee and Knowles (2010); Wireman (2004); Lee Cook 
(2000). Another important finding was that senior managers do not give a full 
delegation to operators for performing maintenance jobs. A possible explanation for 
this might be that there are restrictions established by senior managers that cannot 
allow operators to break their boundaries through participation in maintenance tasks. 
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This is because power companies have restrictions rules and regulations that control 
employees through performing their job requirements based on instructions and order 
from supervisors, engineers or senior managers. Thus, operators cannot participate in 
maintenance activities. It is, therefore, necessary to empower operators by giving the 
opportunity to decide and initiate corrective actions to prevent any unscheduled 
breakdowns. This finding suggests that power utilities should provide the necessary 
framework that facilitates active participation of operators in maintenance activities. 
This finding is in line with those of previous studies (Munir et al., 2019; Willmott el 
al., 2019; Attri et al., 2014; Riccetti, 2013; Nasurdin et al., 2005; Ramayah et al., 2002; 
Nakajima, 1988). The most interesting finding was that operators cannot maintain 
power assets due to high risk of human error and safety consequences of accidents, 
injuries and death. A possible explanation for this is that operators can lose their 
priority of focus and maybe they get diverted and not be able to fully concentrate on 
handling right operations procedures. It can thus be suggested that routine maintenance 
should be implemented and operators should be involved in it to enhance safety and 
environmental consequences through prevent further deterioration, avoid 
contamination and prevent equipment faults. This finding is limited to UAE power 
utilities and has not been discussed in the existing review of literature, which is thus 
considered one of the distinctive aspects in this research work. Another important 
finding was that operators have some resistance to accept more new tasks and duties in 
line with operation activities. The reason behind this finding is the apprehension of 
organisational culture change. Another possible explanation for this is that excessive 
pressure is placed on operators to isolate the fault and maintain the stability of power 
supply during summer season which is the peak of failure rates. This finding suggests 
that operators should understand the power networks and procedure of performing 
light maintenance tasks like condition monitoring (oil sampling, partial discharge, 
etc.). Thus, senior managers should secure a budget to give on job training to build the 
autonomous maintenance practices across power plant. This finding is in agreement 
with those obtained by Aspinwall and Elgharib (2013); Wireman (2004); Park and Han 
(2001); Lee Cook (2000); Lawrence (1999).  
The senior management respondents indicated that there are obstacles and problems 
associated with KPIs from perspectives of network KPI and crews KPI. Participants 
stated that there is no report that involves performance measures (KPIs) related to 
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maintenance activities and asset reliability in power networks. One senior high voltage 
operation engineer (TX-6) from transmission network reported that “we do not have a 
good performance for our assets due to bad review of maintenance policy. For 
example, we did DGA analysis for our critical asset “power transformers” and we 
sent these reports to APD department. However, we did not receive any performance 
reports about condition of power transformers or recommendation to improve our 
maintenance approaches”. On the other hand, the management respondents stated that 
there is not any performance measures (KPIs) related to crews in terms of measuring 
productivity of maintenance crews. This finding confirms that there is no KPIs 
measures analysis related to failure rates, MTBF, MTTR, asset reliability index, 
maintenance costs, data quality, crews in terms of maintenance job quality, workforce 
utilisation and time to accomplish a specific maintenance task. The reason behind this 
finding is the lack of implementing total quality management system within 
maintenance activities. Another possible explanation for this is that the lack of 
knowledge about the impact of measuring KPIs across maintenance department. This 
finding suggests that power organisations should develop operational framework that 
includes maintenance KPIs related to floor operations, financial and managerial 
performance. This will result in improving several aspects like maintenance budget 
utilisation, inventory cost, operating profits, return on investment, workforce 
utilisation, employees’ skill level, supply of material and innovation generation. This 
finding is consistent with Muchiri et al. (2011); Chowdhury and Koval (2009, 2011); 
Brah and Chong (2004); Brah et al. (2000); Takahashi and Osada (1990); Nakajima 
(1988). 
Furthermore, most of the senior managers indicated that there are barriers and 
challenges correlated with safety in power plants. There is clear gap of implementing 
safety assessment techniques through maintenance activities to avoid high risk of 
failures consequences. The reason behind this finding is the lack of safety assessment 
techniques within maintenance activities in power plants. Gabbar et al. (2003) have 
utilised safety assessment techniques that include FTA, FMECA, RPN and HAZOP 
within proposed integration model between RCM and CMMSs. They transferred these 
techniques into risk and failure data within developed model. This safety assessment 
within proposed integration model is capable to identify the potential failure and 
deterioration level of critical plant assets. It can thus be suggested that safety 
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assessment techniques should integrate with maintenance optimisation models to 
optimise the potential risks of critical failures. However, some factors may hinder this 
integration such as: lack of historical data accuracy and lack of having specialists in 
analysing the simulation results. Thus, senior managers should provide efficient 
training programmes to maintenance personnel and operators as well as build database 
within CMMS for recording all maintenance data. This will result in improving the 
safety awareness of operators and other maintenance staff. This finding is consistent 
with Jain et al. (2018); Kodali et al. (2009); Carnero and Delgado (2008); Gabbar et al. 
(2003); Ray et al. (2000).  
The high management respondents indicated that there are barriers and problems 
associated with maintenance audit. The current study found that there are no 
maintenance audits (internal and external) during inspection, CBM and PM schedules 
to check safety procedures. The main reason behind the absence of conducting internal 
and external audits for maintenance activities is the lack of implementing total quality 
management system within power plants. The findings of this study claimed that 
quality improvement strategies need to be implemented as a proactive approach to 
asset management. Also, the greater integration between both maintenance and 
operation departments is required to have successful TPM implementation. It is, 
therefore, necessary to establish TPM committee to organise and conduct the monthly 
or bi-weekly maintenance audits. The audit reports will enable organisations to 
identify areas for continuous development and improvement in quality maintenance 
practices. Thus, review meetings should be conducted every month between 
production and committee to smooth the process of change. The findings suggest that 
well-designed procedures of maintenance audit should involve experts in power plants. 
Skilled and high capability employees will contribute to identify the strengths and 
weaknesses of the maintenance practices. Ray et al. (2000) have conducted a research 
study to determine the correlation between injury frequency and maintenance audit 
score. The study revealed that equipment with a higher score of maintenance audit will 
lead to have lower injury frequency rate. Thus, the findings of this study suggest that 
maintenance audits should be conducted on a regular basis to increase the maintenance 
quality in power plants. On the other hand, Macián et al. (2010) have developed a 
methodology for applying effective maintenance audits. This proposed approach led to 
review possible development and improvements within maintenance activities. Also, 
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Carnero and Delgado (2008) have developed decision-making tool to generate a 
maintenance audit. This tool has increased the quality and performance of maintenance 
activities. It is possible, therefore, that integrating maintenance optimisation models 
with maintenance audits would boost the implementation of TPM within power plants. 
This finding is consistent with Willmott et al. (2019); Macián et al. (2010); Carnero 
and Delgado (2008); Ray et al. (2000); Lee Cook (2000); Tsang and Chan (2000). 
7.2.2 Discussion of Organisational Culture Factors Affecting TPM 
Implementation 
According to the main findings of case studies (interviews) in chapter 5, Table 5.3, 
most of high management respondents indicated that there are difficulties and barriers 
associated with their management styles from perspectives of commitment, authority 
and stability. The current study found that power organisations have low commitment 
from senior managers regarding maintenance optimisation. Munir et al. (2019) 
clarified that support and commitment from high management is a requirement for 
TPM implementation. However, the majority of management interviewees specified 
that commitment towards maintenance department would be difficult. One senior high 
voltage operation engineer (TX-6) from transmission network reported that “We do not 
have a strong commitment from senior managers regarding maintenance optimisation, 
because they focus only on costs saving without considering maintenance as important 
factor in their business”. The reason behind this finding is that schedule of senior 
managers have an excessive pressure to manage other departments. Another possible 
explanation for this is that they focus only on costs saving without considering 
maintenance as an important factor in their business. For example, new initiatives and 
innovative ideas take long time to approve by high management. Thus, the lack of 
awareness of the difficulties related to reactive maintenance and the lack of success in 
recognising the consequences of such maintenance type by senior management can be 
unsafe and costly, are the result of obstacles that have delayed power companies in the 
pursuit of optimised maintenance. It is, therefore, necessary to review other 
maintenance approaches with potential benefits by senior management team to have 
the optimal maintenance strategies without large investments. This finding suggest that 
senior managers should view maintenance as a significant element of attaining the 
overall business strategies. They also need to increase the level of their commitment 
towards development and continuous improvement in quality and maintenance area. 
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This finding is consistent with Munir et al. (2019); Jain et al. (2018); Poduval et al. 
(2015); Attri et al. (2013b); Baglee and Knowles (2010). Another important finding 
was that power organisations in Abu Dhabi have high power distance to control and 
manage power plants as well as the human resources. Employees need to respect the 
command chain from their manager’s. Also, they do not have opportunity to discuss or 
enquiry their manager’s decisions. On the other hand, senior managers in power 
organisations need to take approval first from headquarter and board of directors for 
small issues like recruiting new staff, transferring employees between departments, 
giving promotion to employees, etc. Here, strategic and cultural barriers are linked to 
TPM implementation’s tactical decisions. Evidently, proper planning is imperative for 
fruitful adoption of TPM programme. This is because it provides the necessary 
framework that facilitates active decision-making for continuous performance 
assessment and predicts the potential risks for implementing counter strategies for 
resolving them. This finding is in line with those of previous studies (Munir et al., 
2019; Attri et al., 2014; Mad Lazim and Ramayah, 2010; Nasurdin et al., 2005; 
Ramayah et al., 2002, Nakajima, 1988). Participants also reported that there is no 
stability in senior management team within organisation chart due to frequent 
(continuous) change in senior management level. However, the blame culture is 
spreading through new senior managers and they try to change the existing work 
process and procedures of old management team. A possible explanation for this is that 
the Abu Dhabi government has several changes in structure of power sector. It can thus 
be suggested that power organisations should have stability of senior management 
within their chart. Poduval et al. (2013, 2015) indicated that stability of senior 
management is significant through involvement of all staff in all planning and 
decision-making processes during every phase of TPM implementation. This will help 
counter various behavioural barriers of employees. Thus, any change in organisation 
structure within senior management level, the new senior management team should 
continue and develop the previous plans of maintenance practices, otherwise, the TPM 
adoption failure is inevitable. This finding is in agreement with those obtained by 
Poduval et al. (2013, 2015); Nakajima (1988).  
The high management respondents indicated that maintenance staff have fixed job plan 
for their routine maintenance activities. They do not use AI technologies in diagnosis 
and prognosis of failures. The reason behind this finding is that asset performance 
Optimising Total Productive Maintenance (TPM) and Asset Management Strategies through Artificial Intelligence 
(AI) Technologies: the Development and Enhancement of Abu Dhabi Power Networks 
277 
 
department did not update their procedures in managing power assets due to lack of 
change management in maintenance procedure. Tsang and Chan (2000) discussed that 
it is challenging for companies situated in developing countries to adopt TPM. This is 
because of their conventional culture, which is averse to change. To implement a 
complex philosophy, it is essential that the companies show a willingness to adapt and 
transform in accordance with the dynamic environment. This is possible by utilising 
innovation to tackle the challenge of cut-throat competition. Individuals at senior 
management level must be able to identify the factors that facilitate change, adopt 
policies to create change processes and finally, should assess and evaluate change. 
Evidently, TPM programme require modification to organisation culture as regards its 
approach towards responsibility and its execution. Additionally, participation of 
operators and maintenance personnel must showcase the required attitude of 
commitment and ownership. Lawrence (1999) indicated that one of the most 
significant challenges encountered by organisations is to implement the necessary 
work culture transformation for facilitating comprehensive employee participation in 
all TPM initiatives. Thus, companies which are prepared to alter their existing culture 
will be able to implement TPM more effectively. Hence, it is vital that managers focus 
more on motivating and involving participants throughout facilitate willingness to 
change. This finding is expected that TPM programme within power plants will 
initially encounter opposition from employees, and more so from the lesser educated, it 
is imperative that an environment of co-operation and confidence must be inculcated. 
This finding is consistent with Munir et al. (2019); Jain et al. (2018); Tsang and Chan 
(2000). Another important finding was that older employees in operations and 
maintenance departments prefer to perform their routine jobs rather than introduce new 
work procedures. Some of the department managers ignore the requirements of 
continuous improvements process and they considered these activities as extra tasks 
and responsibilities for their employees. A possible explanation for this might be that 
power organisations have an inappropriate communication from top to down, lack of 
empowerment, lack of rewards systems and lack of awareness about the benefits of 
new changes. it is indicated by Wireman (2004) that challenges in TPM 
implementation are not because of technical difficulties in acquiring results, but due to 
the fact that participants often resist to it because of the apprehension of organisational 
culture change. Thus, organisation’s inadequacy in eradicating the resistance to change 
is a persuasive factor affecting collapse of TPM programme. This resistance can reflect 
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in various forms such as: unwillingness of an individual to modify roles, incompetence 
in modifying the culture and role of the organisation, and failure to incite discontent 
with prevailing circumstances. This finding suggest that power companies should 
overcome resistance to change through formulating change management process, 
creating a change plan, providing examples of early change, implementing change 
activities and adjusting and reinforcing their change. Also, middle managers should 
work directly with operative staff to drive change in power plants. This will result in 
increasing awareness of operators and maintenance staff about the impact of 
organisational change on maintenance and asset management. This finding is in 
agreement with those obtained by Attri et al. (2014); Panneerselvam (2012); Tsang and 
Chan (2000). 
Respondents in high management positions reported that there are barriers and 
problems associated with employees’ empowerment from perspectives of delegation, 
decision making and knowledge. Empowering employees is one of the primary 
barriers that may affect the implementation of TPM programme across power plants. 
The current study found that the operative staff have limited delegation of authority 
during their routine maintenance programmes. However, operators cannot participate 
in light maintenance activities. One senior high voltage operation engineer (TX-6) 
from transmission network reported that “When we raise an initiative for continuous 
improvement in maintenance area, we need to wait to get the final approval form high 
management and department manager cannot approve the initiative due to centralised 
management system”. This finding may be explained by the fact that power 
organisations have their restrictions rules associated with delegation of authority. 
These rules keep the power with senior managers and operative staff need to report 
their supervisors for any issues in improving maintenance. It is, therefore, necessary to 
empower operators through giving more delegation and responsibilities such as: carry 
out routine maintenance jobs, assist maintenance personnel during equipment repair 
activities, transfer tasks between operations teams and increase multiskilling level of 
operators. The modern TPM management concept involves of a more effective and 
realistic delegation of authority across industrial sectors. Riccetti (2013) elaborated 
that operators attain higher job satisfaction through empowering their activities. This 
will result in enabling operators to carry out new assignments easily and happily. Once 
operators are performed specified tasks, the need for maintenance specialists is 
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minimised. This will enable operators to understand the complex failure causes of 
critical assets. However, maintenance engineers and technicians need to empower 
through assisting operators in the planned/unplanned outages. This cooperation will 
result in achieving high equipment availability, eliminating numerous repeat calls and 
reducing overall downtime. This finding is consistent with Munir et al. (2019); Attri et 
al. (2014); Riccetti (2013); Nasurdin et al. (2005); Mad Lazim and Ramayah (2010); 
Ramayah et al. (2002); Nakajima (1988). Another important finding was that operators 
have low self-esteem to take effective decision regarding continuous improvements. 
One section head of power facilities (TX-3) from transmission network said that 
“Operative staff cannot involve in taking decisions in maintenance optimisation 
whether technical or managerial decisions”. The reason behind this finding is that 
employees have restrictions to take decision related to maintenance activities due to 
lack of empowerment and fixed rules and instructions. Munir et al. (2019) argued that 
one of the most significant barriers in TPM implementation is decision making. It can 
thus be suggested that power organisations should change their current culture and 
management styles to empower employees through taking decision towards 
maintenance improvements. In addition, senior managers should involve employees in 
decision making process and they need to pay attention to any comments or 
suggestions that raised by operative staff. This finding is consistent with the findings 
of Munir et al. (2019); Riccetti (2013); Nasurdin et al. (2005); Ramayah et al. (2002); 
Al-Hassan et al. (2000); Ben Daya (2000). The high management interviewees also 
reported that operative staff have limited information about power plants and they 
cannot access the documentation like: annual plan and targets, maintenance policy, 
audit and performance reports. A possible explanation for this might be that power 
companies do not share technical documentation between operative employees due to 
their maintenance restrictions and controlling environment. Poduval et al. (2013) 
discussed that one of the primary causes that leads to TPM failure is that often the staff 
is not well aware of TPM and consequently, are not sufficiently motivated to 
implement it. This finding suggests that before announcing TPM implementation 
within power plants, senior managers should recruit TPM experts and establish teams 
that comprise members from different departments and are authorised to independently 
take decisions and act on them. This will allow a comprehensive view of getting 
benefited from the knowledge of diverse departments and varied member experiences. 
In addition, operators can increase their level of knowledge through empowerment 
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activities. These activities like transfer maintenance tasks and multiskilling will 
empower operators to learn new practical knowledge related to equipment repair jobs 
and hence perform complex maintenance actions. This finding is in line with those of 
previous studies (Jain et al., 2018; Poduval et al., 2015; Nakajima, 1988).  
Most of high management respondents indicated that there are difficulties and barriers 
associated with communication from perspectives of language, meetings, cooperation 
and coordination. The current study found that the main and official language in power 
plants is English. However, the level of understanding and communication between 
operative staff is low. In addition, some technical reports (within daily Logbook) 
related to operations and maintenance activities provided by them are difficult to 
understand. One performance engineer from power distribution plant reported that 
“Lack of common language to communicate effectively is slowly creating problems due 
to multi linguistic”. Another maintenance division manager from power distribution 
network elaborated that “One of the main challenge we have with the low level of staff 
is the language constrains ………………finding a solution to this issue is one of the 
biggest difficulties in communication”. It is, therefore, necessary to develop the 
communication skills of operative workforce through conducting training sessions and 
courses in both Arabic and English languages. Power companies should build 
appropriate communication structures and channels between higher management and 
workers which will lead to form mutual trust and understanding between them. This 
will result in forming a highly educated and skilled team who can take the 
responsibility to implement TPM successfully within power plants. To the best of 
researcher's knowledge, no study has been discussed language issues between staff 
during TPM implementation. Abu Dhabi power organisations have operators, 
technicians and engineers from different nationalities. Some operative staff like 
operators and technicians have difficulties in communicate with each other due to lack 
of understanding of main languages (Arabic and English). Low education level of 
operative workforce is the main reason behind this issue. This finding is limited to 
UAE power utilities and has not been discussed in the existing review of literature, 
which is thus considered one of the distinctive aspects in this research work. Another 
important finding was that there are few meetings between members from different 
departments for the purpose of continuous improvement in asset and quality 
management. In addition, some of action plans are not taken into account after 
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meetings. The reason behind this finding is the lack of commitment from senior 
management towards development and continuous improvements in maintenance 
activities. This finding suggests that meetings for improvement activities within power 
plants should be conducted regularly by involving all departments. Also meetings 
should have clear agenda which comprises objectives of improvements. This will help 
members to follow up and implement the action plan successfully. This finding is in 
line with those of previous studies (Park and Han, 2001; Bamber et al., 1999). On the 
other hand, participants also reported that the level of cooperation between 
departments is low and some actions and letters between departments take long time to 
finalize the issue. A possible explanation for this might be that a blame culture in the 
workplace is spreading and every department do not cooperate to take extra 
responsibilities. This is where the link of cooperation and communication between 
both groups of operations and maintenance is weakened. In addition, there were 
bureaucratic procedures that hinders the work productivity. It can thus be suggested 
that power organisations should build effective trust and transparency between 
departments to place the support of authorities, create interdependent tasks and address 
common goals. This will result in implementing TPM easily across power plants 
through facilitating cross functional groups and cooperative teams from asset 
management, operations and maintenance departments. These teams will have the 
ability to execute action plans for focused improvement pillar and hence enable them 
to attain strategic goals in maintenance and asset management. Another revealing 
finding, representing a high coordination between operations and maintenance 
departments to rectify and repair faults in electrical networks. Where operations team 
isolate the faults in the network and maintenance group repair the faulty machine. 
However, maintenance policy involves some wrong terminologies, unclear procedures 
and process to maintain equipment. The reason behind this finding is the lack of 
effective coordination between maintenance and asset performance departments in 
developing and improving maintenance policy as well as asset replacement strategy. 
Moreover, Ahuja and Khamba (2008a, 2008b) have identified that absence of 
coordination between staff plays a critical role in successful TPM adoption. This 
finding suggests that both maintenance and asset performance departments should 
coordinate to develop and improve maintenance policies and strategies through 
adopting total quality management system across power plants. This will result in 
having standards terminologies, procedures and process to maintain equipment. These 
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findings are consistent with Munir et al. (2019), Jain et al. (2018), Park and Han 
(2001), Ben Daya (2000), Lee Cook (2000), Bamber et al. (1999).  
Most of senior management respondents specified that there are problems and barriers 
related to training from perspectives of system, center, attachment and local. The 
findings showed that practical training system and on-the-job training programmes are 
not available within power plants. In addition, new fresh graduate employees face 
challenges to learn practical things like operating machine manually or replace faulty 
components of equipment. A possible explanation for these findings may be the lack of 
having adequate practical training system. Many authors in previous studies (Adam et 
al., 1997; Bamber et al., 1999; Chan et al., 2005; Rodrigues and Hatakeyama, 2006; 
Ahuja and Khamba, 2008b; Attri et al. 2013a) have stated that insufficient training and 
education is one of the major obstacles in TPM implementation. It is, therefore, 
necessary to have comprehensive training system for equipment operators and 
maintenance engineers to achieve the required capability and skills level. This training 
system will lead to develop diagnostic skills and identify possible maintenance 
difficulties through both HR and maintenance departments. The senior management 
participants also understood that provided simulation training on switchgear for 
operators and technicians would be required to increase operations and maintenance 
skills of workforce. This finding is in agreement with those obtained by Munir et al. 
(2019); Jain et al. (2018). Another important finding was that the HR department 
conducts subjective training courses in hotels. The reason behind this finding is that 
power organisations do not have real training center to build maintenance capabilities 
through providing hands on training. It can thus be suggested that training center 
should be established across power companies rather than providing training outside 
organisations. This will lead to have cost-effective for HR department and increase 
levels of job satisfaction and employees motivation. This finding is consistent with 
those of Willmott el al. (2019); Nakajima (1988). On the other hand, the study found 
that some maintenance personnel do not have the ability to perform the maintenance 
tasks as per the recommendations of OEMs.  A possible explanation for this finding 
may be the lack of having attachment training programmes like sending their 
employees to global outstanding power companies for specific period of time to gain 
new professional skills in maintenance and asset management. It is, therefore, 
necessary to   understand the maintenance procedures for different suppliers and assets 
Optimising Total Productive Maintenance (TPM) and Asset Management Strategies through Artificial Intelligence 
(AI) Technologies: the Development and Enhancement of Abu Dhabi Power Networks 
283 
 
through adopting attachment training programmes. Another important finding was that 
power organisations provided two years subjective training programmes to local 
employees (fresh graduate). However, after these two years of training, they cannot 
conduct the heavy maintenance work on power assets within grid stations. One 
maintenance director (GX-1) from power generation plant reported that “Having a 
local technician to operate and maintain the power assets without having proper 
training or qualification is very critical and unsafe for power plants because any 
mistakes can lead to disaster like serious injuries or interruption in the power supply. 
The local staff have many challenges to perform their duties because they are not 
capable enough to do the maintenance tasks”. The reason behind this finding is that 
low commitment from senior management for building local capabilities. This finding 
suggests that power companies should invest in local workforce development through 
building competences and abilities in best maintenance practices. To the best of 
researcher's knowledge, no study has been discussed training attachment programmes 
and building local capabilities within the context of TPM programme. These findings 
are limited to UAE power plants and has not been discussed in the previous literature, 
which is thus considered one of the distinctive aspects in this research study.   
Furthermore, most of the senior managers specified that there are barriers and 
problems correlated with teamwork from perspectives of establish, improvement and 
involvement. The senior managers respondents indicated that maintenance, cable, 
over-headlines, testing and protection departments have their own maintenance groups 
and programmes. The reason behind this finding is the lack of having inter-functional 
teams from different departments for focused improvement within maintenance 
activities. In Abu Dhabi power organisations, where work culture segregates staff on 
the basis of the departments they work in, employees feel that they belong to their 
department more and do not share the same sense of belongingness for the organisation 
itself. There is clear issue between asset performance department and maintenance 
department. In such a case they fear any change, including new maintenance strategy 
like TPM. This apprehension for the unknown prevents active employee participation 
as one teamwork. To avoid this, it is essential that senior management establish 
teamwork groups that involves staff from different departments across organisation for 
achieving continuous and development improvement targets. This finding is consistent 
with previous studies (Munir et al., 2019; Willmott el al., 2019; Jain et al., 2018; 
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Poduval et al., 2015). Participants also reported that maintenance department does not 
have specific groups that contains employees from different sections and units for 
specific improvement and continuous development like group for power transformers 
maintenance improvements. A possible explanation for this finding may be the lack of 
multi-skilling of workforce within power plants maintenance and senior management 
cannot understand the real meaning of focused improvement teams. It is, therefore, 
crucial to integrate cross-functional teams from different departments to facilitate 
visible improvements and lead to actual ‘bottom line’ earnings. Thus teamwork groups 
should be created among power organisations. Tasks should be assigned for different 
small groups with specific improvement targets to identify any critical faults, concerns 
and snags in power plants. This finding is supported by Willmott el al. (2019); Poduval 
et al. (2015); Attri et al. (2014); Ahuja and Khamba (2008a, 2008b); Nakajima (1988). 
On the other hand, participants specified that operations teams do not involve in 
performing light maintenance during their operations activities. The reason behind this 
finding is that senior managers do not have trust on operators’ capabilities to perform 
maintenance activities. Also, the absence of involving union representatives across 
power plants hinders the successful implementation of continuous improvement and 
development programmes. It is, therefore, essential to involve union representatives in 
all planning and decision-making processes during every phase of maintenance 
actions. Also power organisations should have structured communication channels 
between operative staff, middle managers and senior management to encourage 
teamwork, cooperation and involvement. This finding is consistent with Munir et al. 
(2019); Willmott et al. (2019); Jain et al. (2018). 
Most of senior management respondents clarified that there are challenges and barriers 
related to knowledge management from perspectives of generation, sharing, storage 
and applied. The current study showed that practice of knowledge generation is not 
available within maintenance department. Knowledge related to AI and industry 4.0 is 
not created for optimising maintenance decision activities. A possible explanation for 
this might be that maintenance staff have excessive pressure to complete the 
maintenance schedules and there is not time to generate knowledge in improving 
maintenance activities. However, power organisations requires useful knowledge 
based on intelligent technologies to optimise operations activities as well as reduce the 
expenses of maintenance tasks. Baglee and Knowles (2010) and Attri et al. (2013a) 
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have indicated that lack of knowledge and awareness of TPM benefits also negatively 
impacts on adoption of TPM programme. This leads to multiple issues and 
misperception on what constitutes TPM, ignorance regarding the significance of 
knowledge, unclear and changeable hopes, and forsaking basics. This finding suggests 
that power companies should recruit TPM experts who can make staff aware of its 
advantages. Putting sufficient effort and time into organisation awareness will ensure 
that staff are efficiently prepared to take the road ahead. It is vital that organisations 
recognise the exact knowledge, management abilities and skills that it wants to 
inculcate in its employees. In addition, senior management should eliminate all 
potential obstacles to generation and sharing of effective knowledge. Also, they need 
to facilitate networking and collaboration for generating new knowledge through 
innovation, creative thinking, lessons learned, experimentation, research and 
development. This will result in achieving optimal productivity and performance of 
operative staff in the power plants. This finding is consistent with Munir et al. (2019); 
Jain et al. (2018); Abualoush et al. (2018); Shahzad et al. (2016). On the other hand, 
participants also reported that sharing knowledge and best maintenance practices is 
limited within power plants. There are many reasons behind this finding such as 
cultural, management and technical issues. Lack of rewards system, interest and 
motivation affect the participation of staff in sharing knowledge. In addition, poor 
communications between workforce and departments hinder the knowledge sharing. 
Furthermore, the lack of using CMMS system as information technology to share 
knowledge might inhibit the process of transmitting and disseminating knowledge 
among employees within power plants. These problems and barriers can directly 
influence other processes of knowledge such as knowledge generation and integration. 
It is, therefore, essential to utilise CMMS system as tool to transfer knowledge 
between staff and departments. This system will enable workforce to collaborate 
interactively and work together to spread knowledge-sharing best practices in power 
utilities. This finding suggests that organisational structures of power companies 
should be flat and flexible to enable staff not only to transfer or distribute knowledge 
but also to work together and cooperate to generate new knowledge in operations and 
maintenance activities. This finding is in agreement with those obtained by Munir et al. 
(2019); Jain et al. (2018); Abualoush et al. (2018); Shahzad et al. (2016). Another 
important finding was that power plants have incomplete system to record all the 
required knowledge, plans, procedures, and polices related to maintenance due to lack 
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of having central recoding database system. Some power utilities in Abu Dhabi have 
only a web portal of organisation that allows employees to access the information like: 
presentations, policies and work procedures. Labib (2004) claimed that companies 
should utilise CMMS as a central database system to record all operations and 
maintenance activities, failure patterns, abnormal events, benchmarking studies and 
lessons learned. This system will accelerate the implementation of knowledge 
management processes across power companies. Ahuja and Khamba (2008a) clarified 
that lack of using CMMS system is another prominent technological hindrance that 
affects fruitful adoption of TPM in manufacturing organisations. It is, therefore, 
necessary to establish central database system through utilising CMMS as a tool to 
record all operations and maintenance information. This system will improve the 
communication channels between departments and allow power companies to record 
and structure knowledge easily. Also, this will lead to facilitate access to all staff by 
generating, sharing, recording or applying knowledge. By integrating knowledge 
related to TPM and shrinking the redundancy, the reliability, performance, availability 
and efficiency of power utilities could be optimised. This finding is consistent with 
those of Abualoush et al. (2018); Ranjbarfard et al. (2014). On the other hand, most of 
the management respondents reported that the existing knowledge is not applied 
effectively in optimising reliability of power networks and maintenance costs. In 
addition, power companies in Abu Dhabi do not utilise knowledge in support of 
decisions, automating routine work, problem-solving and actions. There are several 
barriers affect significantly and negatively the knowledge management processes such 
as: lack of support from senior management, top-down leadership styles, strict rules 
and regulations, lack of motivation and rewards, poor communication and 
empowerment, high level of stress and heavy workload, different languages, different 
levels of skills and education and lack of available technology. However, the main 
reason behind the lack of applying knowledge within power companies in Abu Dhabi 
is that the nature of management style that hinders the freedom and delegation of 
power. This style of management cannot allow workforce to apply effective 
knowledge and hence will kill the creativity and innovation that power plants need to 
succeed and stay competitive. In addition, expert and skilled staff leave power 
organisations due to incompatibility of their knowledge, skill, position, and unsuitable 
rewards. Thus, power organisations need to overcome these barriers to implement 
TPM knowledge management effectively. Moreover, it is essential to invest in 
Optimising Total Productive Maintenance (TPM) and Asset Management Strategies through Artificial Intelligence 
(AI) Technologies: the Development and Enhancement of Abu Dhabi Power Networks 
287 
 
knowledge management processes and increase the amount of applied TPM 
knowledge to solve new maintenance problems across power plants and improve 
overall productivity and performance. This research finding is consistent with the 
previous studies of Abualoush et al. (2018); Ranjbarfard et al. (2014). 
Furthermore, most of the senior managers specified that there are barriers and 
problems correlated with job satisfaction from perspectives of HR, motivation and 
rewards. Some senior manager’s respondents reported that the method of recruiting 
within Abu Dhabi power organisations is terrible and poor. The current study found 
that the new HR development policy did not reflect any principles of fairness for non-
national staff. These new rules are built and controlled by the headquarters of Abu 
Dhabi power plants (ADPower). Further, expatriate staff particularly operative 
employees (like technicians, electricians and labor) represent the highest percentage of 
the total number of workforce in operations and maintenance departments. One 
maintenance director (GX-1) from power generation plant reported that “More than 
90% of the labours and electricians in the power plant are expatriates”. However, this 
HR policy supports local staff to get high salary through promotion system without pay 
attention to non-national staff. In addition, HR department needs to recruit certain 
positions by local staff only. This means expatriate staff will be replaced by national 
staff based on HR manpower planning. Thus, expatriate staff felt uncomfortable due to 
security of their job. This action definitely will affect the job satisfaction levels and 
hence decrease the workplace productivity. It is, therefore, essential to minimise 
attrition by HR managers through offering benefits and compensations that are similar 
to international standards of global power utilities. Moreover, power organisations 
should be able to offer work atmosphere that facilitates development and growth and 
also offers sufficient motivation to employees to increase the productivity of 
workforce. This finding is consistent with previous studies of Munir et al. (2019); Jain 
et al. (2018); Ahuja and Khamba (2008a, 2008b); Lee Cook (2000). Participants also 
reported that power plants do not have motivation and rewards systems. The 
productivity of operations and maintenance activities is low due to lack of having 
motivation system. Also, non-national staff are not happy due to clear gap in salary 
scale compared with local staff.  On the other hand, the study revealed that talented 
maintenance staff are leaving their work due to lack of adequate reward practices. Also 
there is no bonuses distribution of profits in the workplace. This leads other employees 
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to feel low trust, confidence and engagement in the power plants. One section head of 
power asset performance (TX-5) from transmission network reported that “You have 
dissatisfaction employees due to clear gap in the salary scale between expatriates and 
local staff, lack of rewards and promotions but the assigned job will get done. The 
question is it getting done to the level you want to be done or is getting quicker as you 
wanted it to be done, that's an issue”. Munir et al. (2019) have also clarified that 
insufficient motivation and absence of rewards systems at workplace are major hurdles 
affecting TPM implementation. For efficient TPM implementation, employees must be 
committed and motivated by HR departments. Hence, it is imperative that 
compensation and benefits are supplemented by incentives and reward plans for better 
employee productivity. Such incentives and rewards facilitate motivation to execute 
the tasks in time, more efficiently, and with zero errors. This is a proven strategy stated 
by Piechnicki et al. (2015); for employee encouragement and proactive engagement. 
However, reward plans whether monetary or non-monetary, must be clear and 
connected to TPM implementation aims and targets. This finding is in agreement with 
those obtained by Munir et al. (2019); Jain et al. (2018); Piechnicki et al. (2015); 
Poduval et al. (2015); Attri et al. (2014); Bamber et al. (1999). 
Most of high management respondents indicated that there are difficulties and barriers 
associated with generating new innovative maintenance solutions from perspectives of 
time, interest, rewards, expertise, environment and benchmarking. The current study 
showed that generation of innovative idea needs an appropriate time. However, 
operations and maintenance staff do not have extra time to generate creative idea in 
maintenance optimisation due to busy maintenance schedules and some restrictions 
rules assigned by senior management in the workplace. High stress may affect 
organisations negatively in idea generation. This finding suggests that power 
organisations should empower employees through reducing the amount of workloads 
and giving them enough time to participate in generating innovative ideas and 
solutions. This finding is in line with Rindasu and Mihajlovic (2008). Another 
important finding was that operations and maintenance staff do not want to take any 
more tasks or bring innovative solutions based on modern technologies like AI 
technologies in predictive maintenance and industry 4.0 applications. They resist to 
participate in this kind of practice and prefer to stick to their job descriptions. There 
are many reasons behind this finding such as lack of interest, poor motivation system 
Optimising Total Productive Maintenance (TPM) and Asset Management Strategies through Artificial Intelligence 
(AI) Technologies: the Development and Enhancement of Abu Dhabi Power Networks 
289 
 
in the workplace, maintenance personnel did not get any rewards for optimising failure 
rates of critical assets through creating innovative solutions and lack of expertise. 
According to Emiratisation recruitment strategy within power sector, local staff (fresh 
graduate) do not have enough capabilities to generate an innovative idea due to lack of 
having advance technical knowledge and less work experience. Rindasu and 
Mihajlovic (2008) discussed that creativity and innovation consist from three main 
components: motivation, innovative thinking skills and expertise. It is, therefore, 
essential to increase the creativity level within an employee through mixing these main 
components. The effective utilisation of creativity’s components together possibly will 
increase creative capability of organisations through developing a suitable culture. This 
research findings highlighted another important factor that the staff fail to generate 
innovative ideas in maintenance arena due to inadequate training and development 
programmes. Empowerment and participation should flourish within an environment 
of learning organisation to increase the innovation level. Thus, it is significant to 
involve these components of innovation during TPM and autonomous maintenance 
programme to enhance creativity and improve maintenance processes. In addition, 
rewards are required to support employees during the process of innovation through 
providing an innovative solutions based on AI technologies for specific issues. 
Management respondents also reported that environment of power plants has high 
level of uncertainty avoidance and it leads to resistance to change and adopt 
innovation. Operations and maintenance employees do not have support to generate 
innovative activities due to controlling environment with strict rules. Attri et al. (2014) 
mentioned that poor workplace environment affects successful TPM implementation 
through management of generating new innovative maintenance solutions. Moreover, 
in Abu Dhabi power organisations, the lack of effective coordination and collaboration 
between the maintenance, operations and planning departments leads to ineffective 
usage of innovative ideas for continuous improvement. It is, therefore, necessary to 
exchange ideas freely within organisations hierarchy (both horizontally and vertically) 
to formulate innovative maintenance solutions. This finding is consistent with Jain et 
al. (2018); Attri et al. (2014); Westerski et al. (2013); Rindasu and Mihajlovic (2008). 
The majority of respondents stated that the collection and analysis of equipment data 
would be the first task in developing a benchmark from which to measure their efforts. 
Potential innovative sources within TPM programme contain benchmarking studies, 
supplier developments, suggestion boxes, corrective action systems and customer 
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complaints. Power organisations in Abu Dhabi seize innovative opportunity due to 
market changes and process development needs. However, the research findings 
indicated that these organisations imported innovation from external sources 
(consultancy services), rather than inside the organisation (internally generated). A 
potential reason for organisations to bring consultancy firms might be that it is easier 
to employ a range of existing innovation idea, than maintain and develop an innovative 
organisational environment. It is, therefore, essential to develop comprehensive 
methodology that guides power organisations to generate creativity and innovate ideas. 
This developed methodology will lead to have positive impact on performance of 
power companies through innovation creation and implementation. Mazurkiewicz and 
Poteralska (2018) clarified that effective utilisation of innovation generation 
methodology leads to optimise maintenance activities through developing and 
implementing innovative technological solutions in maintenance arena. This kind of 
methodology supports the process of decision-making in asset management through 
providing guidelines to assets owner to generate new innovative maintenance 
solutions. This finding is in line with Rindasu and Mihajlovic (2008).         
7.2.3 The Characteristics of the Abu Dhabi Power Organisations 
Culture Based on Findings of Observation and Documents Analysis 
In the Abu Dhabi power industry, limited use of best maintenance practice knowledge 
may be attributed to low qualifications of workers, which limits their capability to 
conduct high advanced maintenance practices, such as prognostic techniques and 
predictive maintenance. However, in the last decade, with expanding demand in the 
power networks there has been a steep increase in the numbers of workers. In Abu 
Dhabi power organisations, this indicates greater need for control, administration and 
improvement in skills as a primary objective of managers. However, this is 
compounded by language limitations and the difficulty in communication, and whilst it 
was found that it is relatively easy to demonstrate expectations and underpinning 
technology details to the workers. Also, it is evident that top-down and down-up 
communication is adversely affected by identical issues of communication, which can 
be evidenced by limited proficiency in English or Arabic by workers, making it 
extremely difficult to explain ideas. In addition to communication issues, it was 
apparent there were issues revolving around non-compliance of orders and a non-
participative culture. The study observed an autocratic approach by management, 
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which was precipitated in communication aspects with workers and staff in written and 
verbal communications.  
These companies characteristics highlight the high power distance, as revealed in the 
study in the participant organisations and are elaborated by Hofstede and Hofstede 
(2005) in the statistical data provided by them. The power distance scale score of both 
Arab countries and India show among 74 countries and regions, a high positioning at 
12th and 17th places, respectively. Al-Ali (2008) elaborated that trust is a dominant 
factor in the UAE workplace due to negative actions from expatriate senior 
management who prefer centralised decision making and tight control, with little 
empowerment or delegation for their staff. Observation of researcher in this study 
evidences the conflicting nature of high power distance culture with successful TPM 
implementation. TPM programmes necessitate employee empowerment, which is in 
direct conflict with subordinate and submissive worker employee structures, since they 
are limited in opining their disagreement. In addition, the unquestioned obedience 
culture might be underpinned by limited communication abilities, which is evidenced 
in complete adherence to superior decisions, to the exclusion of subordinates from 
decision-making processes. According to Hofstede and Hofstede (2005), such a work 
culture is indicative of “contacts between superiors and subordinates are supposed to 
be initiated by superiors only”, thus highlighting bottom-up communication barriers. 
The workforce’s multi-lingual and multi-cultural characteristics reinforce the high-
power distance culture associated communication barriers, which is demonstrated 
through workforce low literacy levels. Moreover, teamwork and inter-mingling is 
discouraged with the perceived threats to privileges and status by the higher hierarchal 
levels employees. In conjunction with Hofstede and Hofstede (2005), the current study 
author identified the higher masculine nature in power industry organisations as rather 
to being feminine. In comparing between masculinity and femininity, among 40 
countries and regions, Arab and south Asian countries, scored lower in femininity. It 
seems that masculinity culture exists in the Abu Dhabi power organisations with 
focused on material success, competitive, and assertiveness. There is a clear lack of 
collaboration, negotiation and participation from all levels across power plants. 
Demonstrating success and being fast and strong are the main characteristics of 
masculinity culture. Thus, it was found the organisation’s cultural characteristics stand 
in conflict with the critical success factors (CSFs) for successful application of TPM 
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recognised in literature such as: involvement and empowerment; employee 
participation, communication systems; and team working which are crucial for 
successful TPM implementation. Empowerment and management of employees are 
directly linked with these CSFs for successful implementation of TPM programmes. 
Previous literature evidences the availability of limited research regarding UAE 
maintenance practices, and particularly the Abu Dhabi power industry. The 
maintenance strategies of Abu Dhabi power organisations can be improved with an 
assessment of their status, and according to the author, the study revealed a nearly non-
existent state of advanced maintenance practices. Thus, it is essential that the Abu 
Dhabi power companies evaluate their current situation. These power organisations 
consider maintenance expenses as overheads, which result in availability loss, low 
quality, and environmental and human threats. The dual perspectives of the technology 
used and management’s approach were adopted by the author to evaluate the situation. 
In accordance with the technological standpoint, difficulty in instrumentation and 
operation and utilisation of predictive maintenance tools by technicians, in addition to 
the lack of clear maintenance procedures and instructions to use these tools, were 
found as major barriers by the majority of operative staff. In addition, the lack of user-
friendly quality of CMMS system and wastefulness were identified as other issues by 
the majority of operation and maintenance workforce. Observation and document 
analysis in this study show a lack of availability of effective training programmes, 
technical knowledge and information, and lack of awareness of the benefit of CMMS 
system utilisation. The results of the participant observations indicated that Abu Dhabi 
power organisations have weak support structure for TPM initiatives, documentation 
and administration issues, maintenance policy improvement disinterest, ambiguous 
organisational objectives. This research study confirmed that the findings of interview 
data analysis are consistent with the findings of both document analysis and participant 
observation.       
7.3 Determining Critical Barriers to TPM Implementation in 
the Power Plants 
After identifying the obstacles affecting TPM implementation in the Abu Dhabi power 
plants, this section discusses the most critical technical and organisational culture 
barriers based on statistical results in chapter 6 (section 6.4). The researcher prioritises 
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these barriers to support decision-makers in maintenance and asset management to 
decide and implement the optimum solutions for overcoming the most potential 
obstacles that could affect the successful TPM implementation and other maintenance 
strategies.  
7.3.1 The Critical Technical and Operational Barriers Inhibiting the 
Adoption of TPM Practices  
The results of this study show that housekeeping is the most critical technical barriers 
(with mean score 2.48 and standard deviation 1.42) to perform 5s methodology by 
operators within power plants. Absence of implementing these 5s actions during daily 
operations activities could prevent operators to detect defects/abnormalities earlier. 
This will result in deteriorating power assets gradually and increasing the maintenance 
costs significantly. It is, therefore, necessary to keep the power plant neat and clean 
through 5S practices. However, 5S implementation has many challenges (Bayo-
Moriones et al., 2010) and these barriers as highlighted by Randhawa and Ahuja 
(2017) include, leadership limitation, employee non-involvement, and inferior 
communication lines. The author suggests integrating 5S initiatives with organisational 
objectives. This result is consistent with Modgil and Sharma (2016); Wai Foon and 
Terziovski (2014); Mad Lazim and Ramayah (2010).  
Effective utilisation of maintenance policy and methods was identified as the second 
most critical technical barriers (with mean score 2.58 and standard deviation 1.46) for 
implementing TPM programme. Maintenance policy should update the existing 
approaches by integrating TPM activities within condition monitoring techniques and 
predictive maintenance approaches. However, these techniques and methods have not 
been very well recognised or appropriately integrated as well as the task of 
autonomous maintenance (operators) to carry out maintenance activities on their own 
machine has been not accomplished. According to recent practices, most of the tools 
and approaches in this field have been designed independently, utilise different format 
and language necessities, have different operating platforms, and undoubtedly have 
miscommunication between them. The author suggests suitable integration of these 
approaches (and the historical data during analysis stage within CMMS) is vital. This 
is clearly true in the implementation of TPM when more visibility is required in 
assessing the “effects of interaction” between policies of PM, requirements of 
corrective maintenance, and the participation of (operators or maintenance engineers) 
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as part of the system. Mad Lazim and Ramayah (2010) stated that TPM combines both 
the predictive and preventive maintenance strategies with more focus on participation 
of autonomous maintenance (operators). The usage of advanced technologies to predict 
and identify any abnormality or equipment deterioration also enhances the principle of 
predictive maintenance. Moreover, TPM blends condition-based maintenance (CBM), 
and both predictive with preventive maintenance actions as well. Parida and Kumar 
(2006) explained that mixture of both approaches of predictive and preventive 
maintenance can lead to detect any early failure as well as avoid any equipment 
deterioration through utilising effective inspection technology of CBM. This result is 
in line with those of previous studies (Jain et al., 2018; Ghazi, 2016; Wai Foon and 
Terziovski, 2014; Cholasuke et al., 2004). 
Conversely, in this study, CMMS was identified as the fourth most critical technical 
barriers (with mean score 2.73 and standard deviation 1.31). CMMS should be 
established within TPM programme through enabling operators to record and analyse 
the historical maintenance data of equipment. Jamkhaneh et al. (2018) conducted a 
research study to examine the impact of CMMSs on TPM implementation. They 
revealed that CMMS has a positive influence on successful implementation of TPM 
through factors of supportive organisational (employees’ involvement, effective 
training, senior management support, decision-making structure and resource 
allocation). In addition, the author advocated that it must be considered in developing 
entirely system of autonomous maintenance that all important data relating to the 
performance and state of the equipment should be recorded to enable the skilled 
operators to analyse the recording data and hence the results utilised to enhance more 
effective maintenance. This analysis process with conducting light maintenance 
activates by the operators will support expert maintenance engineers (who have 
previously carried out more trivial work under high stress) through tackling more 
complex problems arising and identifying effective maintenance strategies. This result 
is in agreement with those obtained by Jamkhaneh et al. (2018); Jain et al. (2018); 
Ghazi (2016); Cholasuke et al. (2004).  
Participation of autonomous maintenance was identified as the third most critical 
technical barriers (with mean score 2.61 and standard deviation 1.34). The study 
indicated that operators are not participating in maintenance activities due to 
restrictions environment and rules of power organisations. It is, therefore, essential to 
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empower operators to perform maintenance tasks to predict critical failures, prevent 
machine breakdowns, optimise maintenance costs and extend the lifecycle of 
equipment. In addition, power companies should provide comprehensive training of 
machine function to operators. This training can transfer the basic knowledge about 
machine functions and identify the FMECA through RCM information and decision 
sheets. It can also enable operators to carry out cleaning and inspecting for failures in 
the equipment and hence eliminating any abnormalities signs in functions of machine. 
Operators need to understand standardized operating, cleaning, inspection, and 
maintenance procedures before executing any tasks. However, the aforementioned 
findings (interview) indicate that operators cannot maintain power assets due to high 
risk of human error and safety consequences of accidents, injuries and death. Thus, the 
author suggest that operators should utilise Fuguai Mapping technique (Adhiutama et 
al., 2020) as a safety card that shows where the failure causes and defects exist in the 
equipment. This card is called “F-tagging” and defined into three groups which are red, 
yellow and blue. The red card indicates the complex maintenance requirements and 
needs maintenance specialists to perform this job. The yellow card specifies that 
defects and abnormalities in machine can be fixed through operators for environment 
and safety purposes. The blue card shows that operators can execute light maintenance 
activities like fixing the abnormality, inspections, cleaning and tightening. Description 
of each safety card shows the abnormalities date and wherein the failure modes 
founded. After utilising this Fuguai Tagging, operators can be able to select the 
appropriate maintenance tasks based on colour of safety card. This technique will 
boost self-esteem of operators and enhance the level of safety awareness. This result is 
consistent with Munir et al. (2019); Jain et al. (2018); Mad Modgil and Sharma (2016); 
Wai Foon and Terziovski (2014); Lazim and Ramayah (2010); Nasurdin et al. (2005); 
Ramayah et al. (2002).  
On the other hand, maintenance resources are critical for TPM implementation. Thus, 
power industry needs to secure maintenance resources through recruiting maintenance 
experts and specialists, providing effective tools for condition monitoring techniques 
and keeping spare parts available with easy access for operation and maintenance staff. 
Conversely, safety procedures are critical to all field staff and they need to follow 
safety instructions to keep them in safe environment while performing maintenance 
activities. Furthermore, maintenance audits are based on investigating the standards of 
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procedures during performing the maintenance activities. This kind of practice can 
lead to rapid improvement and development in maintenance performance. Power 
industry needs to perform maintenance audits regularly to improve their maintenance 
procedures and enhance the power plant’s availability, performance and quality. 
7.3.2 The Critical Cultural Barriers Hindering the Adoption of TPM 
Practices  
The results of this study indicated that senior management is the most critical cultural 
barriers (with mean score 2.19 and standard deviation 1.36) to manage and execute a 
TPM programme within power plants. The reason behind this result is the nature of 
organisations environment where managers are inundated with routine and minor 
decisions due to high power distance cultures. In this environment, operators and 
maintenance staff are willing to accept the job tasks as per instructions and rules form 
senior managers without question due to controlling environment. However, senior 
management roles are critical in the early phases to determine the master plan whilst 
commencing the entire programme’s for TPM implementation. It is, therefore, 
necessary to reduce the amount of power distance by senior managers through 
empowering operative employees in the process of decision-making to give them the 
opportunity to generate innovative ideas and share their practical knowledge among 
maintenance groups. While this enhances the relationship between low-level 
employees and managers, it also boosts a strong sense of collaboration and 
coordination among workforce. Senior leadership should involve in optimising 
maintenance activities and TPM practices through providing direction for their power 
plants and ensure that their operators are empowered, which in turn leads to continuous 
improvement and enhances the participation of operators in maintenance activities. 
This result is consistent with Prabowo et al. (2020); Munir et al. (2019); Jain et al. 
(2018); Wai Foon and Terziovski (2014); Ramayah et al. (2002).  
Management style and empowerment were identified as the second most critical 
cultural barriers (with mean score 2.22 and standard deviation 1.20) for employing 
TPM programme. This result may be explained by the fact that the style of 
management is not flexible and open which overlap with requirements of TPM 
implementation. Munir et al. (2019) discussed that TPM is a technology-driven 
concept; the justification for any event of failure is often denoted as organisational 
matters, and is a reflection of the style of management. It is, thus, essential to change 
Optimising Total Productive Maintenance (TPM) and Asset Management Strategies through Artificial Intelligence 
(AI) Technologies: the Development and Enhancement of Abu Dhabi Power Networks 
297 
 
the current style of directors and supervisors through eliminating the autocratic 
management and giving delegation of authority to low-level staff in taking their 
decisions for problem-solving within maintenance activities. Senior management 
wants to be obvious in their support of the TPM programme and being receptive to 
staff criticism and comment. Modern management style that considers the flexibility in 
dealing with operative staff can have a positive impact on employee empowerment in 
power plants. This result is in line with those of previous studies Munir et al. (2019); 
Jain et al. (2018); Irwin et al. (2016); Ramayah et al. (2002).  
Conversely, in this study, training and education were identified as the third most 
critical organisational culture barriers (with mean score 2.29 and standard deviation 
1.15). A possible explanation for this might be that power organisations do not provide 
modern practical training programmes based on utilisation of maintenance 
optimisation models, predictive maintenance, RCM tools and systems, on-line 
condition monitoring techniques and AI technologies within industry 4.0 context. In 
addition, HR department have the lack of selecting appropriate education contents that 
match skills and knowledge to job roles. It is, therefore, essential to invest in training 
and education through building modern practical training centers and establishing 
attachment programmes abroad with top international power organisations to enable 
maintenance employees to exchange the latest skills and knowledge related to best 
maintenance practices and continuous improvement and development. This will result 
in increasing the productivity and efficiency of employees through improving current 
skills in numerous areas comprising technical knowledge, problem solving, critical 
thinking and communication. The real investment in education and training will also 
result in having positive impact through increasing the morale of operators and their 
commitment to successful TPM implementation. This result suggests that a TPM 
committee should be formulated to train employees in varied functional sectors and to 
address multi-skill needs of various segments in power companies. The role of 
committee is to make employees aware of the benefits of TPM adoption. This result is 
in agreement with those obtained by Prabowo et al. (2020); Munir et al. (2019); Jain et 
al. (2018); Wai Foon and Terziovski (2014); Ramayah et al. (2002).  
On the other hand, rewards and motivation were identified as the fourth most critical 
organisational culture barriers (with mean score 2.34 and standard deviation 1.55). The 
reason behind this result is that employees resist to change their current maintenance 
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programmes and stick to PM tasks instead of utilising the modern maintenance 
practices due to lack of having real system of rewards and motivation. This factor 
became an effective element for successful TPM implementation. Thus, senior 
management should be able to prevent attrition by offering world-class remuneration 
as well as employee benefits. Positive attention from senior managers is arguably the 
most important reward at the workplace. However, individual perspectives concerning 
the punishments as well as rewards may vary; managers also need to recognise what is 
it that suits their requirements. Conversely, positive employee motivation is a key 
intangible consequence as TPM builds a sense of ownership through autonomous 
maintenance operators. This result is consistent with Munir et al. (2019); Jain et al. 
(2018); Wai Foon and Terziovski (2014); Ramayah et al. (2002).  
Furthermore, job satisfaction was identified as the fifth most critical organisational 
culture barriers (with mean score 2.39 and standard deviation 1.61). Effective and 
compete job satisfaction is also one of the key prerequisites for the success of TPM 
programme. Mad Lazim and Ramayah (2010) argued that providing effective support 
through leadership and senior management in the application of TPM significantly 
impact job satisfaction. This result may be explained by the fact that employees 
admitted to suffering from poor performance and job dissatisfaction due to several key 
reasons: feeling underpaid, lack of interest in the workplace, lack of promotion and 
career growth, management does not communicate and listen to operative staff, having 
poor management system, having unsupportive boss and lack of having balance 
between work and life. It is, therefore, necessary to increase the level of job 
satisfaction across power plants through providing rewards and recognition, increasing 
and involving employee engagement, developing the skills and knowledge of 
workforce, empowering employees, keeping communication constant between 
management and low-level staff, providing a positive workplace environment and 
offering a clear path of career. This will result in improving company productivity and 
increasing the performance, reliability, quality and availability of power plants. This 
result is in agreement with those obtained by Jain et al. (2018); Greenough (1998).  
TPM team also remains a vital element for the successful TPM implementation, since 
without proper team management, it is not easy to achieve TPM objectives. However, 
the level of participation and autonomy should be substantial in the team to achieve 
high TPM performance. The implementation team should build a plan to attain TPM. 
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This plan will involve resource allocations and all changes required. According to 
Nasurdin et al. (2005) revealed that the level of an employee’s involvement in TPM 
practices indeed has a positive effect on job characteristics. Furthermore, a frequent 
process that involves effective coordination and communication across organisations 
may pave the way for great commitment, involvement, as well as cooperation from all 
employees. Without doubt, this fosters a strong association amongst participants and 
creates a motivating environment. Thus, the communication channel between senior 
management, maintenance staff and operators should be kept open during the TPM 
implementation stage. Moreover, the execution of TPM requires high capability of 
maintenance staff who have the ability to coordinate and ensure that all parties can 
deliver change process and do their tasks to attain TPM. Those staff should be an 
enthusiasts to provide support to their colleagues in the workplace. According to Park 
and Han (2001), the coordinator should: have knowledge about TPM techniques, be 
able to sell the concept of TPM to maintenance staff and operators, have motivational 
knowledge, possess educational skills, have patience, and be able to drive change in 
the organisation. Furthermore, human factor is also one of the key factors in ensuring 
the smooth implementation of TPM initiatives as by driving the necessary changes 
within the organisations. Prickett (1999) argued that not many changes need to be 
made to current maintenance practices to support and enhance the transfer of key 
responsibilities and roles from the maintenance employees (experts) to operators. 
Furthermore, Ramayah et al. (2002) carried out an exploratory research about 
Malaysian manufacturing firms to probe the effect of change management on the 
implementation of TPM. They revealed that change management factors significantly 
enhance the extent of TPM implementation through a concerted participation of 
autonomous maintenance. Thus, change management could drive a significant and 
positive results on participation of autonomous maintenance (operators) in the power 
plants. On the other hand, lack of knowledge sharing is one the major causes of TPM 
failure since the staff is not well aware of TPM and consequently, is not adequately 
motivated to implement it. Moreover, a continuous sharing/learning programme 
promotes a knowledge-based organisation wherein employees are well equipped with 
the knowledge to undertake maintenance tasks with greater efficiency. Refaiy and 
Labib (2009) elaborated that knowledge sharing has positive effect on the performance 
level of maintenance activates based on three measures of maintenance performance: 
mean waiting time (MWT), mean time to repair (MTTR), and mean time between 
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failures (MTBF). However, they found the impact of knowledge sharing is stronger in 
UK compared to Arab countries. Thus, the right culture that enhance TPM 
implementation takes a long time to change. The main aim is to achieve optimum 
organisational culture within TPM programme. 
The findings from the study evidence the challenging nature of TPM programme 
implementation in the Abu Dhabi power industry. This difficulty can be attributed to 
the considerable cultural transformations warranted towards TPM initiative 
implementation due to the basic requirement of mind-set refinement amongst company 
employees. Power companies should analyse the weak maintenance areas through 
comprehensive procedures rather than to be contingent on analysis of external factors 
of other organisations. In addition, for successful implementation, an investment in 
time, capital and resources are mandated, and furthermore, management should ensure 
the absolute dedication and commitment of the entire organisation and workforce 
towards TPM. For this to come to fruition, it is necessary that the work culture alters 
from “It’s not my job but yours” to “It’s our job”. In addition, within an organisation, 
and at all levels, free flow of information and communication, which transcends both 
horizontally and vertically, should be encouraged. For successful TPM 
implementation, managers should also plan for standardisation of operational and 
maintenance processes. Correspondingly, to schedule and organise maintenance and 
modification programmes, senior managers should allow operators to conduct routine 
maintenance activities. This should be followed by all-inclusive, expansive and 
extensive TPM training focused on its benefits throughout the organisation. Senior 
management commitment is a highly decisive factor in successful TPM programme 
implementation. Therefore, even in variable work circumstances, successful managers 
should efficaciously be able to employ TPM initiatives, including employee 
involvement and promotion throughout maintenance and production processes. This 
will further contribute to improvement of equipment operation quality, optimisation of 
process flows, and minimising maintenance and operating costs. Moreover, ensuring 
employee empowerment will promote autonomy in authority and responsibility of 
employees for a total elimination of the six big losses. With the involvement of 
employees at all levels, the gap between the problem and the effective decision makers 
is reduced, thereby resulting in speedy and accurate corrective action, as two-way 
communication is promoted through employee empowerment. However, factors like 
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traditional mistrust, as apparent between the workforce and managers, pose as 
empowerment barriers. Empowerment is an imperative tool to leverage successful 
change management processes, particularly in circumstances of resistance, denial, 
exploration and commitment phases of change. 
Additionally, in times of progressive industrial societies, for maintenance departments 
to achieve their optimal functioning status and capacity, it is necessary to train 
maintenance employees towards meeting future requirements, in addition to current 
industry needs. Therefore, continual and progressive training should be designed with 
an aim to achieve improvement of individual potential of maintenance staff members. 
Training will ensure an understanding of the underlying reasons for TPM 
implementation and the associated change benefits, which can be optimally achieved 
through TPM training, empowering and convincing of sustainability of TPM 
programmes. An absolute commitment by managers towards TPM programme 
implementation is necessary and instead of trying to ‘re-invent the wheel’ for TPM 
implementation methodology, the key to successful implementation lies in following 
organisations who have successfully followed TPM programmes. The idea is to use the 
maintenance services of TPM instituted organisation philosophies as a benchmark and 
effect an improvement in the overall of operations and maintenance effectiveness of 
plants through identification of optimum maintenance management methods and 
practices. Therefore, with senior managements’ zealous commitment coupled with 
radical culture change, TPM initiatives can be successfully implemented in the Abu 
Dhabi power industry. This continual journey of TPM implementation requires several 
years before its benefits will be visibly apparent, however, the challenges of the 
implementation process produce great rewards in the long run. 
7.4 The Potential Impact of Organisational Culture and 
Structural Empowerment on Participation of Autonomous 
Maintenance within Power Utilities 
Employee empowerment is one of the main criteria in TPM implementation. TPM 
programme will not work without empowering the operators or the production workers 
to carry out the autonomous maintenance. However, there is a clear lack of literature 
that explores the influence of employee empowerment on autonomous maintenance 
participation and therefore the third objective of this research study is to “examine the 
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potential impact of organisational culture and structural empowerment on autonomous 
maintenance (operators) participation in maintenance activities”, within the Abu 
Dhabi power plants based on the context of Kanter's (1993) structural empowerment 
framework and cultural dimensions of Hofstede’s (2003) model. To achieve this 
objective, the study proposed a conceptual model (refer to Chapter Four, section 
4.10.3), which was underpinned by a cohesive theory and practice review and further 
structural equation modelling was used on it for a thorough examination. According to 
study results in Chapter Six (section 6.5), in autonomous maintenance participation 
37% of the changes were attributed to ensuring employee empowerment. Moreover, in 
employee empowerment with the use of Hofstede’s cultural dimension 10.7% of the 
changes were predicted. In addition, it was inferred that structural employee 
empowerment had a direct effect on participation of autonomous maintenance, which 
in turn, signified that empowerment is achieved through: senior management support, 
formal and informal power, opportunity, access to resources, inter-departmental 
communication and coordination, rewards and motivation, information sharing and 
analysing. This furthermore affects positive organisational behaviour with high self-
esteem. In addition, employees as regards their day-to-day equipment operation 
presented higher inclination towards developing a sense of ownership (Braglia et al., 
2019). Herein, for the assurance of TPM success an ownership towards this equipment 
constitutes a crucial factor. This can be attributed to individual attention and focus of 
every operator to maintain the equipment through cleaning, tightening, and lubrication 
to keep equipment in good condition and hence achieve the target of as good as new 
condition. These study inferences are in alignment with the proposed research’s 
theoretical model, which envisages the significant positive effect of meeting employee 
empowerment on autonomous maintenance participation in the power industry.  
Another imperative study finding reveals that power distance negatively impacts 
structural employee empowerment. These findings demonstrate the resultant effect of 
forced compliance to supervisors’ directives, authorities taking technical decisions and 
authorities’ perception of restraint on operators for expression of their maintenance 
issues views. It was found that under these conditions, operators will get less 
opportunity for growth and they are challenged with limited materials and resources to 
contribute within maintenance activities, limited sharing and analysing of power 
plants’ failure data with the lack of support in form of superiors, peers and subordinate 
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oriented feedback and guidance. This observation can be attributed to the restriction 
and limitation of autonomy and freedom of action amongst personnel. As a matter of 
fact, power companies having higher power distance levels provide limited 
opportunities to their operators for demonstrating their freedom of action, initiation, 
and competence. In addition, Ramayah et al. (2002) stated that with concerns of 
avoiding damage to expensive equipment, managers in some organisations do not trust 
on the operators’ capability and restrict operators from engaging in machine 
adjustments and repairs. This has been evident in organisations not prepared or 
inclined towards TPM programme implementation. Moreover, a decrease in trust, 
confidence, and sense of ownership is seen in power plants, which have hierarchical 
systems, in combination with managers/supervisors having more power in power 
utilities. This can be explained by the fact that subordinated relationships lead to more 
power and associated increase in control, which further deteriorate relationships 
between members. This finding is in line with Kanter's theory “structural 
empowerment framework” that high-lights the negative effect of a controlling 
environment on employee empowerment (Kanter, 1993). The study also significantly 
highlights that structural employee empowerment is negatively impacted by 
masculinity. Progress and competition are over emphasised with the external 
motivation promoted through higher masculinity levels in power utilities. According to 
Sadeghi et al. (2013), external motivation is directly related to restrictions in the 
environment that impacts employee empowerment negatively (Kanter, 1993). 
Conversely, it is observed that power companies demonstrating lower masculinity 
levels offer increased opportunities towards employee empowerment. This is attributed 
to supportive and friendly peer relationships. Also, higher autonomy and augmented 
sense of ownership in power companies is evidenced amongst operators who support 
each other as per Nasurdin et al. (2005). 
On the other hand, the study significantly highlighted that structural employee 
empowerment is positively impacted by collectivism. It is inferred that employees in 
power utilities with higher levels of collectivism have: high loyalty for organisations to 
achieve their goals, high sense of interdependence, and joint responsibility to systems. 
This kind of loyalty results in patterns of cooperation between groups and increasing 
the work productivity. Moreover, high collectivism fosters more informal coordination 
and communication mechanisms between operators and maintenance staff. According 
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to Kirkman and Shapiro (2001), collectivism leads to team empowerment and hence 
improves work performance through reducing resistance to team participation. Many 
authors in literature like Munir et al. (2019); Riccetti (2013) elaborated that operators 
achieve greater job satisfaction through collective participation and hence they perform 
new assignments happily and easily. Performed simple maintenance tasks by machine 
operators can contribute to provide more time to maintenance team to optimise the 
system/equipment. However, Mad Lazim and Ramayah (2010) highlighted that 
communication and coordination between operators and other departments is the 
critical success factor that may empower autonomous maintenance participation 
positively. Furthermore, the effect of uncertainty avoidance on structural employee 
empowerment was not statistically significant. In short, the findings confirmed the role 
of organisational culture and structural employee empowerment in participation of 
autonomous maintenance. The current study takes into consideration the correlation 
matrix, which highlights a negative relationship of Hofstede’s cultural dimensions 
(excluding collectivism dimension) with employee empowerment and participation of 
autonomous maintenance. This is manifested through formal and informal power, 
opportunity, access to resources, access to information and access to support. This 
means that the higher the ambiguity avoidance, power distance and masculinity in 
power organisations, the less the staff will feel autonomous and skilled. Furthermore, 
power organisations with high profiles for power distance, ambiguity avoidance, and 
masculinity have the distinctive characteristic of limiting individual freedom of action, 
which in turn affects operator’s autonomy adversely. In addition, the efficacy feeling is 
negatively impacted in such organisations due to the power gap between members. The 
use of initiative also prevents high ambiguity avoidance rates. This is primarily 
observed in power organisations displaying an adherence to traditional characteristics 
that impact competence and efficacy of members negatively. Operator competence 
similarly is adversely influenced from gaps in focus on innovative activities by 
individuals, as well as the emphasis on collectivism. Likewise, in masculine societies 
efficacy feelings can be negatively affected with competition overemphasis resulting in 
increased pressure on operators’ participation within maintenance activities. Moreover, 
power plants with high power distance and strict rules and regulations lead to decrease 
the degree of freedom for generating and implementing innovative idea as well as 
hinder knowledge flows. This finding is consistent with previous empirical research 
(Laukkanen, 2015) in terms of the impact of uncertainty avoidance on innovation 
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resistance. Also Hofstede (2003) argued that organisations with high uncertainty 
avoidance have resistance to change and adopt innovations. On the other hand, 
operators in this controlling environment have a lower willingness to take risks within 
maintenance activities Hofstede (2003) elaborated that employees in these 
organisations do not have the ability to take risks within their routine activities.  
According to Hofstede (2003) in organisations, change is often resisted due to the 
cultural values that represent organisation most stable aspects. Also, resistance to 
change is further augmented due to individual organisational values presented as a 
subculture in the form of social values. Hofstede also defines the improbability of 
organisations undergoing direct change in their values as these are in fact, a semblance 
of a hidden mental software that regulates the behaviour of members. Correspondingly, 
at a power utility the organisational culture displaying a controlling characteristic and 
employee empowerment confinement will encounter a challenge in changing such 
values and regulating the environment’s controlling power. According to Hofstede 
(2003) a change in explicit behaviours is the ideal mechanism to affect a change in 
values. For example, introducing changes in rules and regulations of power companies, 
with the purpose of impacting a reduction in the environment’s controlling power. 
Such changes, moreover can lead to provision of increased initiation and freedom of 
action to operators, self-esteem promotion in operators’ maintenance participation and 
also active decision-making as regards maintenance activities. It also validates: (i) 
system regulations and control; (ii) augmented cooperation within operators; (iii) 
emphasised freedom of action; (iv) initiative and innovation use; and (v) de-emphasis 
of progress and competition. Notably, in the Abu Dhabi power sector, the 
centralisation system imposes a reduction in managers’ extent of power and assets 
performance planners. Within the company TPM ideally should be directed and 
managed by full-time employees with qualities of expertise and enthusiasm according 
to Park and Han (2001). These coordinators should be equipped to implement TPM 
methodology with adequate educational qualifications, motivational and persevering 
temperament, and necessary skills for seamless change process management.   
Findings from this study reveal an inversely proportional relationship between power 
distance and masculinity in an organisation with fulfilment experience of organisation 
members as regards basic employee empowerment. This will lead to a lower level of 
operator participation within maintenance activities, which can be a serious threat to 
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the success of implementing a TPM programme within power industry. These findings 
thus recommend an inculcation of cooperativeness and support amongst members in 
the power sector by managers and authorities to drive progress and competitiveness 
with a singular focus on individual needs. Moreover, rather than focusing on the end 
products of action, it is recommended to encourage members to address the process. 
With this process-oriented focus, members experience a higher internal motivation 
with satisfactory workplace. Thus, it is recommended that in organisations to lower the 
power distance the organisations should adopt moderate hierarchical structure, 
motivate direct work associations between managers and their staff members. Also, 
concurrently bureaucracy should be avoided. Moreover, transparent, real-time and 
sharing of relevant information has been observed to be critical to employee 
empowerment, as such information sharing is directly proportional to organisational 
performance. The main deterrents to information sharing are lack of trust and power 
distance. Thus, organisations should encourage staff and managers to foster workplace 
relationships which are control-free, direct and more friendly. For employee 
empowerment support, a two-way communication which is well-structured and 
developed is crucial. Improved involvement and commitment results in frequent and 
open communication. This communication can be achieved via formal and/or informal 
modes and the following personnel should be included in this communication at a 
power utility: employees, supervisors, shop floor executives, engineers and managers. 
Such open communication stimulates an augmented understanding of the motives 
underpinning TPM implementation. Furthermore, operators within maintenance 
activities participation can be propelled with adoption of various mechanisms of 
employee empowerment like: rewards and incentive, recognition of the efforts, 
training for skill improvement, promotion of knowledge and cross functionality. Thus, 
it can be inferred that empowering operators constitutes a significant criteria in 
successful implementation of a TPM strategy and their empowerment is necessary to 
foster a high sense of power plant ownership. To the best of researcher's knowledge, 
there has been almost no research applied in this area within context of power plants in 
UAE and Gulf region countries. This research will contribute to bridge the current gap 
in knowledge. 
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7.5 The Impact of Integrating AI Technologies with TPM on 
the Empowerment of Autonomous Maintenance within 
Power Utilities  
This section aims to examine the impact of integrating artificial intelligence (AI) 
technologies with TPM programmes on the empowerment of autonomous 
maintenance. Effective utilisation of maintenance optimisation models (based on AI 
technologies) by operators could boost the successful implementation of TPM within 
the power industry environment. However, this research study shows the clear gap 
about interactions between operators and utilisation of maintenance optimisation 
models in power sectors and therefore the fourth and fifth objectives of this research 
work are to appraise the impact of effective prognostic techniques and examine the 
role of reliability centred maintenance (RCM) on successful participation of 
autonomous maintenance in power plants using maintenance optimisation models. This 
work presents a novel methodology including modelling and simulation to support 
participation of operators in maintenance activities based on their capability, skills and 
technical knowledge. There has been almost no research applied in this area within 
power plants. This research study emphasises issues related to maintenance practice 
operations, suggesting optimal maintenance strategies with lowest maintenance costs 
that predict potential failure time of critical power plants. It integrates methods and 
principles of RCM and TPM and utilises diverse tools based on maintenance 
optimisation models to support operators in decision making through identifying new 
policies for machine maintenance or assessment and enhancement of existing 
maintenance plans. The proposed maintenance optimisation models performed good 
simulation results, and the latter show that the proposed models are really a new 
contribution in the area of TPM implementation in the power industry. Simulation 
results are presented to verify the analytical approach and validate proposed 
operational procedures. The analysis is based on degradation analysis, and failure 
mode effective and criticality analysis (FMECA). Based on the analysis, remaining 
useful life (RUL) of critical power assets (transformer paper insulation) was 
determined and maintenance costs of transformer tap changers are optimised. With 
respect to the simulation results of power transformers, the findings can contribute 
towards improved equipment operations and successful implementation of TPM in 
power organisations. 
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7.5.1 The Impact of Effective Prognostic Technique (Predicting 
Remaining Useful Life) On Successful Implementation of TPM Based 
On Degradation Analysis  
Effective utilisation of prognostic techniques based on AI technologies for condition 
monitoring (CM) will aid organisations to predict critical failures and suggest optimum 
maintenance strategies through participation of operators in analysing CM and 
degradation data. Žarković and Stojković (2017) argued that AI technologies have 
important role on fault diagnosis and detection for transformers through helping 
engineers/operators to make right decision about any interference urgency and 
selecting optimum maintenance strategy for power transformers. Implementing these 
technologies (like degradation models) by operators can lead to forecast the critical 
failure time and modes of power plants before occurring and determine the next 
inspection time, or optimal PM activities and costs. However, most power 
organisations in Abu Dhabi just follow recommendations of OEMs and do not benefit 
from AI application and excellence in maintenance. It is, therefore, essential to change 
current maintenance strategies to predictive maintenance activities through utilisation 
of RUL and prognostic information modeling by operators and hence implement the 
main pillar of TPM programme. Integrating simulation modeling based on prognostic 
analysis within TPM programme is a new subject area of research. 
According to simulation results in Chapter Sixe (Refer to Table 6.13), the shape 
parameter β is 8.32. Also, the fitting of Weibull distribution is very high based on the 
correlation coefficient ρ = 0.98. This result indicated that failure rates increase with the 
selected power transformers which are located within wear-out stage due to high value 
of β (greater than 1). Hillary et al. (2017) stated that life expectancy of power 
transformer is between 300-480 months. However, the current functional failure time 
of power transformers is less than 300 months and varies between 168 and 222 
months. The reason behind these results is that there are different factors which make 
this happen such as corrosion, erosion, ageing, cracking, fatigue, oil leakage, and 
degradation of equipment parts. These possible factors reflect bad maintenance 
practices within power plants. Conversely, power organisations in Abu Dhabi perform 
PM tasks on transformer every 4 years. Consequently, the simulation suggests the PM 
optimal time is 126.85 months around 10.5 years at minimal cost around AED 
Dirhams 3148 (circa £875). These results showed that utilisation of AI technologies 
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(simulation modeling) by operators can optimise the lifespan of power transformers 
through stopping unnecessary accelerated ageing of paper insulation. The results 
demonstrated the efficiency and importance of performing a suitable procedure of 
managing and optimising life expectancy of power transformers. Hosseinkhanloo et al. 
(2020) discussed that optimisation of power transformers lifespan can potentially aid 
operators and asset managers to enhance the reliability of power plants and defer 
investments. It is, therefore, necessary to improve current maintenance activities by 
introducing TPM programme based on planned and autonomous maintenance pillars. 
Participation of operators in maintenance activities will enable power organisations to 
predict failure time of critical power plants through collecting and analysing 
degradation data by utilising maintenance optimisation models. This participation also 
provides an opportunity for operators to select the optimum maintenance strategy and 
contributes to reduce the functional failure time. In addition, utilisation of 
mathematical modeling will empower operators to have the capability to decide 
whether to replace, make a rehabilitation or decommission aged assets. 
On the other hand, field operators in power plants need to analyse simulation results 
through estimating the P-F interval of power transformer’ paper insulation based on 
calculating the suggested algorithm that developed by the author (see Table 6.15). 
However, this proposed algorithm needs to compare with DGA results for huge 
number of transformers across Abu Dhabi power plants to estimate accuracy of the 
suggested algorithm. The results within Table 6.15 indicated that the minimum P-F 
interval is 27 months around 2 years and the average P-F interval is 37 months around 
3 years. That means due to bad maintenance practices, low quality and capability of 
maintenance crews (lack of knowledge, shortage of expertise and lack of using 
artificial intelligence applications in maintenance), operators need to keep attention 
every two years to predict any abnormality on critical power assets through inspection 
activities. However, empowerment of operators is important through providing 
extensive on job training programmes and knowledge transfer schemes about modern 
maintenance strategies (predictive maintenance with condition monitoring approaches) 
and maintenance optimisation models. Building capabilities of maintenance crews will 
result in increased average P-F intervals of more than 3 years (37 months) and hence 
enable maintenance engineers and operators to perform optimum maintenance tasks 
cost effectively. Implementing this kind of an innovative analysis method by 
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participation of autonomous maintenance, in predicting the P-F interval of power 
plants using maintenance optimisation models is a novelty. 
Furthermore, the author has selected the most minimum functional failure time (168 
month) of power transformers paper insulation to generate more simulation results that 
involve reliability, probability of failure, reliable life, B10% life, mean life (MTTF), 
mean remaining life (MRL) and failure rate. These results will empower operators 
through increasing the knowledge levels about their own equipment (like power 
transformers) in the power plants. These simulation results suggest that power 
companies in Abu Dhabi should integrate the mathematical models within 
maintenance activities to speed up the implementation and success of TPM. This 
finding is in line with those of previous studies (Oleghe and Salonitis, 2019; Braglia et 
al., 2019; Baglee and Knowles, 2010; Labib, 1999).  
However, senior managers need to empower operators through giving them full 
delegation of authority to conduct like this analysis by utilising maintenance 
optimisation models (modeling and simulation analysis). This action by senior 
managers will empower operators through having high self-esteem and performing 
light maintenance tasks on the basis of their capabilities and risk criticality analysis 
associated with selected maintenance tasks.  
Furthermore, prognostic of critical parts of power assets plays significant role in assets 
optimisation through utilising simulation modelling. When P-F interval value is 
predicted, and based on criticality analysis such as RPN analysis, operators can 
allocate and perform the right maintenance tasks. In fact, a prognostic depends on the 
outputs of power plant diagnostic (e.g. degradation rates, fault indicators etc). Thus, 
operators need to estimate time to failure of critical power assets through determining 
RUL of those assets. They should know about the degradation process of each critical 
part of power plants as detailed in the following questions:  
 Is a critical part of power plant under degraded state?  
 What kind of failure causes has initiated the degradation process?  
 Which part of power plant are on the particular curve of degradation?  
 How fast is degradation predicted to grow from its current state to reaching 
functional failure?  
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 What other influence factors (e.g. measurement noise, type of model) can affect 
RUL estimation through operators?  
 What new events can change or accelerate the degradation rates based on 
anticipated behaviour of the degradation process?  
When operators have rich knowledge about every single part of their equipment, then 
they can develop a health index (HI) and assess the condition of critical power assets. 
To design a HI, operators need to collect and organise data from the field through 
using CMMS to record and analyse all historical condition monitoring data and hence 
perform the simulation modelling. Also, they can assess under known operation state, 
the expected risk and consequences associated with deterioration of individual power 
plant components. Using simulation modelling through operators can lead to estimate 
the damage progression and initiation based on recorded results of inspection or 
condition monitoring. Operators have the ability to define and monitor single failure 
modes related to single calculated or monitored parameters by carrying out a simple 
method of analysis such as statistical trend extrapolation in maintenance optimisation 
models. Based on the historical trends of single failure mode of critical components of 
power plants, operators can assess the HI of assets and assign optimum maintenance 
resources.  
Junior et al. (2018) developed an innovation model that combines predictive 
maintenance techniques with implementing only 4 TPM pillars (autonomous 
maintenance, planned maintenance focus improvement, and education and training) to 
predict the failure in thermoelectric power plants using fuzzy logic as computational 
intelligence. These 4 pillars have selected due to the human resources reality within 
power plants and can integrate them with diagnostics activities based on predictive 
maintenance. This developed research model by Junior et al. (2018) has an innovative 
approach which can be utilised to provide optimal load dispatch. However, it does not 
give any description or procedures about its implementation practicality. Also, it does 
not show how 4 pillars of TPM interfere with applying statistical analysis related to 
thermography, oil lubricating, and vibrations. It is, therefore, necessary to show the 
operational steps of executing TPM programme through utilising maintenance 
optimisation models. These operational steps should explain how TPM integrate with 
prognostic model to aid the decision makers (operators) to choice the most suitable 
cost-benefit maintenance strategy. These details will support power companies 
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effectively through optimising the annual maintenance costs, reducing the number of 
corrective maintenance in plant equipment, increasing in MTBF and decreasing in 
MTTR in all areas. This ensures that the desired availability, reliability and quality of 
power plants are achieved through simulation and analysis. These findings suggest that 
operators should conduct statistical analysis within simulation modeling periodically 
through collecting and recording data within CMMS system to identify any early 
possible abnormalities within the electrical equipment.     
Power organisations should establish eMaintenance systems that record and store all 
real time data through sensor technologies to generate real time actions and solutions 
which can define optimal maintenance tasks. In fact, eMaintenance can empower 
operators in providing innovation initiatives across power plants. However, Metso et 
al. (2018) criticised that eMaintenance does not have the ability to eliminate all issues 
associated with human in maintenance activities like barriers in communication, job 
satisfaction, motivation and other cultural factors. The analysis and collection of 
suitable maintenance data are essential to make robust system of maintenance 
intelligence that contains Industry 4.0 applications such as the advances in Internet of 
Things, autonomous engineering, cloud infrastructure, information technology and big 
data for power plants. Data generated from ubiquitous sensors through the Internet of 
Things can enable operators to measure and monitor the KPIs indicators of power 
plants. However, a study was conducted by Alsheryani et al. (2019) on predictive 
maintenance using AI within Abu Dhabi power plants. The results of their initial stage 
present that there are numerous challenges that could hindering the implementation 
and integration of AI with predictive maintenance, such  as recording, collecting and 
processing data offline and manually, data availability and accuracy, applying online 
condition monitoring and data integration and interaction issues. Thus, current 
practices of Abu Dhabi power industry need to be changed, rather than waiting for 
power plant to fail, replacing or repairing parts on a restricted maintenance schedule. 
Predicting failure of critical assets using intelligent systems will greatly increase the 
effectiveness of maintenance and optimise the cost of operations through setting ideal 
maintenance activity schedules. Baglee and Marttonen-Arola (2018) argued that there 
is clear lack of comprehensive approaches for data management applications. It is, 
therefore, necessary to build high capable data management systems based on Industry 
4.0 applications that can provide clear justifications about any investments or 
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commitments to maintenance improvement projects. Moreover, using both 
eMaintenance and Industry 4.0 techniques by operators will increase self-esteem and 
capability levels to predict failure of critical plants. This intelligence system can 
support new initiatives within asset management and hence improve reliability, 
availability and maintenance costs of power plants. 
7.5.2 The Impact of RCM on Successful Implementation of TMP Based 
on Selecting Optimum PM Interval and Costs by Operators 
According to Monte Carlo AWB simulation results in Chapter Sixe (Refer to section 
6.6.2), the optimal interval of PM strategy for OLTCs was identified and maintenance 
costs were optimised (see Figure 6.4). The lowest cost at this optimum interval is AED 
Dirhams 5,476 (circa £1,490) according at the cost curve. However, the current total 
PM costs of OLTCs are AED 14,741 and Abu Dhabi power organisations need to 
spend this amount every 2 years (around 730 days) during the major overhaul of the 
OLTC. The reason behind this variation in maintenance costs is that power companies 
cannot be able to identify the optimal interval of PM programme due to lack of using 
maintenance optimisation models and they perform their current PM tasks based on 
original equipment manufacturers (OEMs) recommendations that guide maintenance 
staff to replace the components of OLTCs along with time based maintenance 
procedures and instructions. Thus, operators should participate in collecting and 
analysing maintenance data during their daily operations activities by utilising 
simulation modeling tools. This participation in maintenance activities may reduce the 
criticality targets for maintenance tasks for the environmental, safety, and operational 
within an acceptable level and operators can have a lower level of risk to conduct light 
PM tasks of OLTCs. Here, AWB simulation results suggested that low risk level with 
the optimal PM interval from 2,200 to 6,600 operating hours. On the other hand, AWB 
simulation results show that failure modes of transformers, such as OLTC, bushings 
and transformer’s tank contribute significantly to the cost of failure of the transformer. 
Cost contribution of labour is slightly higher than effects cost due to high frequencies 
of conducting PM tasks and condition-based maintenance through condition 
monitoring for power transformers. Furthermore, the simulation results presented that 
the downtime labor profile following corrective, inspections and PM on the OLTC. 
The simulation results indicated that the frequency of PM is more compared to the 
corrective activities. However, the large PM times are due to the recommendations 
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specified by the OEMs. It is, therefore, necessary to integrate RCM with TPM through 
operators’ participation in identifying any anomalies within OLTCs. This integration 
can enable operators to conduct RCM analysis (FMECA) within maintenance 
optimisation models to optimise PM frequencies and costs for critical power assets. 
Incorrect maintenance gives indications that there are inadequate operating standard 
processes, while PM activities are performed by maintenance staff. This is the key 
reason why many failures occur on OLTCs. Thus, PM optimisation should be 
implemented through autonomous maintenance equipment operators to reinforce the 
TPM application in power organisations. OLTC failure rates include random failures 
and variable failure times, thus optimised failure times can minimise OLTC failure 
costs, which can subsequently result in minimised OLTC PM costs. Failure modes and 
maintenance costs of OLTC are obtained from RCM information worksheets to 
optimise the PM through AWB simulation. In conclusion, maintenance strategy of 
OLTC results from the RCM decision worksheet. It seems that, PM optimisation at 
6,570 operating hours will optimise also labour, spares, and outage (planned and 
downtimes) costs. In addition, PM activities at this interval will increase the 
availability of OLTC as well as meet operational, performance and safety targets.  
Operators need to take decisions for applying new policies of maintenance based on 
justification from results of maintenance optimisation models (simulation modeling) 
obtained from existing resources (such as failure rate, man-hours, maintenance costs 
and downtimes) and task severity. In addition, identifying environmental, safety and 
operational targets through operators could play an important role in supporting the 
process of decision-making on selecting the effective maintenance policy. Operators 
also need to review the listing of existing PM policies through expert elicitation with 
the plant maintenance supervisors and maintenance staff to maintain relevant 
documents and tasks. They are required to carry out FMECA on critical power plant to 
identify any potential failure causes and make sure all valid PM tasks are performed to 
confirm reliable and safe plant operation. In fact, this practical analysis can be utilised 
by operators who are well trained in FMECA for power assets and have capable skills 
of using Monte Carlo AWB simulation. Participation by operators in this kind of 
analysis through collecting and analysing historical data will empower them to select 
the right maintenance policy to perform light maintenance tasks or transfer complex 
tasks to maintenance staff based on criticality analysis such as RPN.  
Optimising Total Productive Maintenance (TPM) and Asset Management Strategies through Artificial Intelligence 
(AI) Technologies: the Development and Enhancement of Abu Dhabi Power Networks 
315 
 
On the other hand, the simulation results that show graphical presentation of PM 
optimisation provides an insight to the process of PM and highlights environmental, 
safety and operational criticality. Man-hours and downtimes are also linked with the 
PM schedules costs. In addition, the important factor for all problems of maintenance 
scheduling is cost. Thus, modeling the failure process and PM will support the process 
of decision making for selecting optimum maintenance strategies that are cost-
effective and hence enable the decision makers (operators) to prioritise their 
maintenance tasks based on risk assessments such as RPN. It is significant to note that 
results of simulation modeling from this study led to changes in policy of maintenance 
when equipment operators participate in PM activities.  
Integrating TPM with using simulation modeling through participation of autonomous 
maintenance in power plants is a novelty. This integration will provide guidance to 
operators about data gathering, conducting analysis and using simulation modeling as a 
decision-making tool for selecting optimum PM tasks with effective cost and 
predicting potential failure causes with time of critical power plants. This proposed 
integration has been explained and designed to be utilised in diverse settings. It is easy 
to conduct by operators through machine care and performance of optimum 
maintenance policies. The author developed two main phases to perform this 
integration. The first phase provides guidance to autonomous maintenance about data 
collection of critical power plants and problem assessments from where operators can 
conceptualise the planned simulation modeling. The second phase commences with 
critical failure causes prognosis based on degradation analysis and selecting optimum 
PM policies with the lowest maintenance cost optimisation based on the RCM role and 
FMECA analysis. The author approach is novel in integrating TPM strategy, RCM 
tools and maintenance optimisation models within the context of power organisations 
(service sector). 
TPM and RCM need operation and maintenance departments to operate high 
technology complex power assets with high reliability, performance and availability 
and hence collaboration has the opportunity to avoid and discern potential failures. 
Objectives of maintenance are associated with operation needs, i.e. to increase 
flexibility, maximising the performance index (OEE) and reduce power plants lead 
times. Hansson et al. (2003) elaborated that TPM boosts the integration between 
maintenance and operation practices and enhance continuous development and 
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improvement. On the other hand, RCM emphases on system functions (Moubray, 
1997) where reliability is critical for each part of the system (Alvarez-Alvarado and 
Jayaweera, 2020). This methodology would reduce maintenance costs through 
balancing costs between PM tasks and corrective actions, also considering potential 
life loss. Furthermore, proactive maintenance became a significant part in TPM and 
RCM practices. It aims to prevent faults, decrease unplanned outage and minimise 
maintenance costs through improving procedures of systems/machines. The current 
study proposed integrating between TPM and RCM in terms of activities, applications 
and implementation within power industry. Operators play significant role during this 
integration. Their task is to reveal anomalies and take any necessary corrective actions 
through utilising RCM tools like FMECA, PdM, condition monitoring techniques and 
predictive models based on AI technologies and Industry 4.0 applications. The result 
of this integration presented the contribution of RCM tools and principles in enhancing 
TPM implementation through participation of autonomous maintenance in power 
plants. This integrated system shows how operators can select optimum maintenance 
plans with lowest cost through using different tools like information and decision 
worksheets of RCM, FMECA, RPN, failure parameters, maintenance costs and 
maintenance optimisation models. Results of integration confirmed that the proposed 
work makes clear joint use of TPM and RCM philosophies. Simply this means TPM 
and RCM can be considering as comprehensive approaches in procedures and practices 
(Hipkin and Cock, 2000). Previous studies in the literature illustrate potential methods 
to integrate both TPM and RCM applications, but seem to be limited to a number of 
publications.  
There has been almost no studies in literature related to the integration of TPM, RCM 
and analytical tools (FMECA, RUL, degradation analysis) through performing 
modelling and simulation by operators in the context of the power industry 
environment (service sectors). In this viewpoint, the research seems to be new in this 
field. In addition, the proposed development and solutions in previous literature seem 
either specifically developed for a manufacturing context or poorly organised with a 
lack of consideration of operational aspects. This study aims to boost and enhance this 
research stream. Specifically, it presents a novel practical operational methodology 
through examining the role of reliability centred maintenance (RCM) and appraises the 
impact of effective prognostic techniques on successful participation of autonomous 
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maintenance in power plants using maintenance optimisation models. This 
methodology integrates both principles and philosophies of RCM and TPM under an 
operational perspective. The developed practical operational approach can be 
implemented to any complex assets in the power industry environment. It supports 
operators in making decisions based on certain operational steps. The methodology 
proposes three sequential steps. Where RCM uses a failure mode, effects and criticality 
analysis to provide functional decompositions of systems they are monitoring. TPM, 
however, relies on developing the most appropriate maintenance policy for each type 
of failure based on well-developed decision flow diagrams. TPM’s last step involves 
the planning and implementation of maintenance activities identified based on unique 
operational worksheets. Notably, this new generation of initiatives centers on the 
power plant level, i.e. it focuses on the operational issue of maintainability and repairs, 
utilising methods and fundamentals both of RCM and TPM. Specific managerial and 
organisational conditions are clearly required for its implementation, which can only 
be achieved through the use of comprehensive maintenance management systems. 
Thus, the author considered that this work’s approach is part of a broader TPM 
initiative. 
TPM, for example, can be incorporated into the operations management system of a 
firm. TPM effectively combines the planning and maintenance functions with 
activities, simultaneously considering energy, safety, aspects of quality, and materials. 
TPM is better suited than RCM to acting as a methodology for improvement that is 
both integrated and holistic, because the focus of RCM is on the actual equipment used 
in applications that are complex, critical, and high-tech. Along these lines, Hansson et 
al. (2003) asserted that TPM is not appropriate for more complex physical systems. 
RCM, however, utilises technological solutions to aid the evaluation of the 
maintenance requirements for systems that are complex. Braglia et al. (2019) stated 
that, as a holistic approach that needs the support and involvement of the entire 
organisation (including its management), TPM can be useful in implementing and 
operating RCM. Ben-Daya (2000), for example, asserted that TPM can help with 
RCM’s implementation. According to Hansson et al. (2003) RCM does not take into 
account organisational issues or how important it is to handle intangible factors, which 
makes it difficult to introduce RCM into organisations. TPM can thus support the 
implementation of RCM. Notably, both RCM and TPM meet the requirements for total 
Optimising Total Productive Maintenance (TPM) and Asset Management Strategies through Artificial Intelligence 
(AI) Technologies: the Development and Enhancement of Abu Dhabi Power Networks 
318 
 
quality management (TQM) as they provide maintenance that is both efficient and 
effective. 
While TPM is primarily concerned with the organisational conditions necessary for 
effective maintenance management (e.g. appropriate support systems, management 
commitment, and the effective management of resistance to change), RCM’s primary 
focus is on low-level issues of maintenance. Factors typically considered in the 
functional analysis of RCM include fully comprehending the production process, 
machine capability knowledge, and a high degree of competence in relation to 
production. As discussed earlier, the primary maintenance role for RCM involves 
assuring system functionality. However, to address wider issues and promote 
continuous improvement, one must go further than the standard RCM approach. There 
are also benefits to going beyond TPM’s usual methodology by utilising RCM to better 
understand things such as the necessary tasks and the frequency of activity. RCM’s 
methodology is highly specific, allowing a more complete comprehension both of 
processes and equipment. While TPM’s methodology may not be not so precise, it 
does, however, highlight the importance of managerial and organisational concern 
issues, which may not be accounted for by RCM. In summary, TPM should be more 
than operator executed maintenance activities; RCM more than paper information and 
decision sheets. An approach that integrates TPM and RCM, therefore, seems to 
represent a promising possible solution. Another important way in which TPM 
complements RCM relates to problems associated with failure-interval variations. 
Specifically, RCM suggests the use of CBM and PM wherever possible, while TPM 
tries to ensure that the failure intervals remain stable by following the steps detailed 
below, which are associated with autonomous maintenance: 
 Establishing/ improving conditions (e.g. tightening, lubricating, and cleaning parts 
and equipment); 
 
 Highlighting issues with parts and repairing damage; 
 
 Ensuring that operating conditions are clearly understood and comply with the 
conditions of use; 
 
 Controlling/ eliminating significant sources of contamination that can accelerate 
wear; 
 
 Establishing standards for lubricating and checking on a daily basis; and 
 
 Encouraging the use of visual control wherever feasible. 
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Maintenance first needs to assess if a system can achieve the desired standards of 
delivery. It must then determine how, under the required conditions, machines are able 
to operate. Success can only be achieved if equipment functionality is assured under 
the required conditions of use. In essence, maximizing the effectiveness of equipment 
cannot be achieved without: clarity regarding the standards for performance 
(functionality); comprehension of the losses; and the ability to determine corrective 
courses of action. The development effective PM programmes with a high level of 
OEE is, therefore, required. Here, RCM is able to contribute significantly. All PM 
tasks need to maintain system functionality based on fully understanding reasons for 
failure. In summary, RCM strategies can enhance the overall performance of 
organisations since it improves the PM area so essential for successful implementation 
of TPM programmes. TPM requires maintainability and the prevention of maintenance 
to be improved through its implementation and additional benefits can be achieved. 
TPM especially benefits from adopting analysis and evaluation tools to allow a cause-
and-effect relationship to be identified. Such tools/ methods help practitioners to view 
the entire system, allowing them to identify both the nature of specific problems and 
high-cost drivers, potentially leading to system improvements. Blanchard (1997) 
suggested that one such possible technique involves the functional description of the 
system by developing a detailed RCM decision diagram, e.g. by using a FMECA. The 
development of PM programmes related to life-cycles may also benefit from the use of 
RCM. 
Labib (1999) argues that previous maintenance models seek answers about equipment 
efficiency through questions like, “how can this particular machine be operated more 
efficiently?”, but they fail to address the efficacy of the equipment through 
effectiveness questions like, “which machine should we improve and how?”. 
Practitioners are often more interested in the latter question. This raises a need for 
maintenance models, which are adaptable, reconfigurable, and responsive. Also, it 
should be able to take into consideration diverse power industry challenges and 
therefore be driven by multiple criteria. The current study provides an attempt to 
determine a practical methodology of essential steps required to achieve successful 
TPM implementation in the power industry. Also, the lack of use of reports and graphs 
containing historical data in CMMS for decision making and analysis renders it 
inappropriate for use. Therefore, one of the features of TPM is autonomous 
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maintenance which implies the preservation of their own equipment by operators. 
Operators should also concurrently, protect their equipment against failures and defects 
through the use of the 5S philosophy and perform routine maintenance (cleaning, 
oiling, tightening, and inspection) in absolute terms. Furthermore, periodic inspections 
(through diagnosis and prognosis) and repair for complex faults should be carried out 
by maintenance staff who are experts specialising in equipment.  
According to Yamashina (1995), operators affect the performance of the plant and not 
managers or systems, irrespective of advanced manufacturing techniques employed in 
plants. Correspondingly, for deterioration prevention, it is essential that operators 
participate proactively in the maintenance function. Thus, it is essential to 
acknowledge the significant role of operators in equipment condition, operation, and 
maintenance. TPM cooperative team strategies ensure the singular focus of 
maintenance personnel on technical tasks and develop their expertise with learning 
about advanced sophisticated techniques. Thus, towards joint accountability and 
equipment responsibility, there should be a mutual understanding between the 
maintenance personal and operators. The current study author, based on the study 
findings, suggested a practical methodology which contains possible data collection 
list and techniques for decision analysis. This methodology will enable the power 
organisation to implement a TPM strategy based on the ten practical steps of 
methodology. The following are the recommended practical steps for, maintenance 
engineers, and operators: 
A- Autonomous Maintenance (Equipment Operators):  
1) Collect and record failure data in the CMMS system;  
2) Use of CMMS system for historical data review and analysis;  
3) Establish RCM information-worksheets based on FMEA to allow operators to 
identify failure causes and their effect, and hence determine how it affects 
operation performance;  
4) Identify maintenance costs of outage (planned and unplanned) that include labour, 
spares parts, and downtime costs;  
5) RCM decision worksheets use for selection of (i) optimal proposed maintenance 
strategy, (ii) maintenance frequency and (iii) crew size;  
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6) Establish RPN analysis, which is used as assessment of risk to ascertain each 
functional failure occurrence, detection, and severity of the system or subsystem; a 
criticality analysis;  
7) Based on the criticality analysis of failure mode, complexity and age of machines, 
operators can decide either to perform proposed maintenance tasks or transfer them 
to maintenance staff.  
 
B- Maintenance Engineers: 
8) Ensure technical support towards (i) AM activities, and (ii) maintenance operating 
standards process improvement for power assets; 
9) Augment power assets maintenance skills for inspections, diagnosis, prognostic 
techniques, and overhaul; 
10) Set up maintenance audit teams to monitor maintenance process performance and 
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7.6 Summary  
This chapter discusses the main results and findings from both chapters five and sex. It 
links and compares the results with previous studies in literature. The identified 
barriers from qualitative findings in chapter five have been discussed in the context of 
Abu Dhabi power plants. Barriers affecting the implementation of TPM in three case 
studies (generation, transmission and distribution power organisations) were discussed 
in detail and some unique obstacles identified. The statistical results and ranking of the 
critical barriers have been discussed. The discussion in this chapter confirmed that the 
current maintenance practices within the Abu Dhabi power companies are static, not 
dynamic, and are underpinned by many obstacles associated with technical, 
operational and cultural barriers. This chapter discussed also the empirical results of 
hypothesised model. The discussion of these results confirms the role of organisational 
culture and structural employee empowerment in participation of autonomous 
maintenance. This chapter evidences the importance of operators’ participation for 
successful implementation of TPM programmes within power plants, and 
empowerment can be a significant to the development of such programmes. 
Consequently, this chapter discussed a novel methodology including modelling and 
simulation to investigate the integration of artificial intelligence technologies (based on 
maintenance optimisation models) and TPM programme within the power industry 
environment. This proposed integration has supported participation of operators in 
maintenance activities based on their capability, skills and technical knowledge. The 
proposed methodology integrated methods and principles of prognostic, RCM and 
TPM and utilised diverse tools based on maintenance optimisation models to support 
operators in decision making through identifying new policies for machine 
maintenance or assessment and enhancement of existing maintenance plans. Based on 
FMECA analysis within AWB simulation, optimal PM interval was generated and 
maintenance costs of transformer tap changers were optimised. Based on the 
degradation analysis within ReliaSoft’s Weibull Simulation, remaining useful life of 
critical power assets (transformer paper insulation) was determined. The proposed 
models are really a new contribution in the area of TPM implementation in the power 
industry.  
The next chapter, will present, and discuss the developed operational framework for 
successful TPM implementation across power organisations. 
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8.1 Introduction   
In the previous chapters, factors affecting the successful implementation of TPM 
programme within the context of Abu Dhabi power industry were identified, 
furthermore, the effect of organisational culture and structural empowerment on 
autonomous maintenance (operators) participation were discussed. On the other hand, 
the impact of effective prognostic technique through utilising artificial intelligence 
technologies on successful implementation of TPM were discussed. The researcher 
also discussed how the role of RCM can support successful implementation of TMP 
through PM costs optimisation. 
This chapter develops based on chapters 5 and 6 (findings and results analysis) and 
provides a novel operational framework for implementing TPM across power 
organisations. The findings from the qualitative analysis (thematic analysis of 
interviews, archival data, reports and observations) showed that there are many critical 
barriers related to processes orientation and organisational culture that affect TPM 
implementation in Abu Dhabi power industry. On the other hand, the findings from the 
quantitative analysis (testing hypotheses, modeling and simulation) illustrated that the 
structural empowerment has a positive impact on operator participation in maintenance 
activities within power industry environment. Also, the research findings revealed that 
implementing prognostic techniques and utilising RCM tools under the TPM 
framework, confirmed that operators can easily perform maintenance activities through 
using AI technologies based on simulation and modeling. According to these 
significant findings and the initial development of operational framework, refer to 
Chapter three (section 3.4), the researcher proposed the operational framework that 
intends to overcome the organisational culture barriers and empower operators to carry 
out maintenance tasks effectively and hence asset performance managers can 
implement TPM successfully in the context of power industry.      
8.2 Proposed Framework 
The most efficient implementation of TPM is observed after five years, according to 
Nakajima (1988). The smooth operation of TPM would occur only after the pilot phase 
is carried out, followed by the consolidation and promotion phase, and then, finally, 
the maturity phase. Nakajima continues to suggest that there should be essentially three 
stages to TPM implementation which include the preparation stage, then the 
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implementation stage, and, lastly, the stabilisation stage. The preparation phase 
involves gaining support from senior management and determining essential policies.  
The implementation stage requires training employees and establishing an autonomous 
programme. The characteristics that contribute to successful implementation of TPM 
include support from senior management, effective education and training system, 
TPM teams and continuous development and improvement. The product champion can 
be a TPM manager who will push the programme and educate all management levels.  
Prior leadership and management skills also will help advocate support for efficient 
TPM implementation and assures adequate support and commitment from higher 
management, which will then increase the commitment from employees. The core 
activities in TPM implementation are achieved in the stabilisation phase and works to 
be awarded the JIPM productive maintenance prize. Here the researcher proposed the 
operational framework in Figure 8.1 and it consists of three phases as follows: 
 
1) Strategic process of TPM implementation based on organisational culture change; 
 
2) Operational process of TPM implementation; 
 




The framework was proposed based on the significance of the study findings, critical 
characteristics of the existing maintenance practices (processes orientation) and 
organisational culture within the Abu Dhabi power industry. Also it was formulated 
according to empirical, simulation and modeling results of the research. This study has 
revealed that Abu Dhabi power plants require to optimise the current maintenance 
practices to enhance the reliability and availability of power networks and hence equip 
new maintenance strategies that diminishes all shortcomings described in chapters five 
and six. 
As clarified in chapters two and three (literature review), and verified in chapter seven 
(discussion), implementing a modern approach of maintenance is a challenging and 
daunting process due to numerous cultural and operational factors, which are hindering 
organisations to execute optimal maintenance strategies like TPM. Thus, maintenance 
policy and processes should be optimised before endeavouring to implement TPM.
Development of Operational Framework 
Stage 1 Strategic Process of TPM Implementation Stage 2 Operational Process of TPM Implementation  
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Therefore, the Abu Dhabi power organisations initially should optimise their current 
technical processes and culture, as the research findings based on chapter 5 specified 
the barriers that affect the successful implementation of modern maintenance 
programmes like TPM. Also, the empirical results from chapter 6 elaborated that 
organisational culture and structural empowerment have a significant impact on 
autonomous maintenance (operator) participation within the power industry. This 
proposed framework is a recommendation to enhance power networks reliability and 
availability through improving maintenance tasks and attaining effective maintenance 
strategy for culture change that optimises both organisational culture and processes 
orientation factors that lead to the successful implementation of the TPM programme.   
The typical culture within power plant organisations must be balanced initially to bring 
about a positive attitude towards change. Yates and Cutler (1996), highlighted that the 
importance of viewing the Hofstede’s model of national culture within organisations to 
line up organisation’s culture with their strategy, to help organisations move from their 
current culture to optimal culture, to appraise the management team whether they 
support the organisation’s strategy and use direct change. Culture change of 
organisations is often required to attain a dynamic, easy-going and flexible workplace 
environment, where all employees are engaged to overcome any shortcomings or 
complicated issues. After achieving the optimum change within organisational culture, 
operational and cultural barriers associated with maintenance activities will be 
eliminated and hence senior asset managers can implement TPM successfully. As 
explained in chapter two and three (literature review), several organisations 
demonstrate the points of failure that can occur within TPM implementations due to 
many factors such as lack of utilising autonomous maintenance, financial restrictions, 
lack of using CMMSs, resistance to change, lack of communication, proper education 
and training and lack of teamwork and communication (Munir et al., 2019; Jain et al., 
2018; Poduval et al., 2015; Attri et al., 2014; Attri et al., 2013a; Ahuja and Khamba, 
2008a, 2008b; Lee Cooke, 2000; Bamber et al., 1999; Labib, 1999). TPM will not be 
performed easily through overcoming aforementioned barriers, however, improving 
these factors will enable the Abu Dhabi power organisations to execute TPM 
successfully. 
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As described in chapter two and three (literature review), the main aim of TPM 
programme is to promote the efficiency/availability of equipment in a particular 
condition (Baglee and Knowles, 2010; Nakajima, 1988). Thus, the introduction of 
TPM to Abu Dhabi power organisations is intended to improve the maintenance and 
operation practices, resulting in improved availability of power networks, optimising 
maintenance costs, and enhancing the reliability of power assets. Furthermore, 
highlighting the significance of overcoming the organisational culture and technical 
processes orientation obstacles found and observed in chapter five (Interview 
Analysis) and their direct correlation to the successful implementation of TPM in the 
Abu Dhabi power industry, must be addressed in the framework, although some 
obstacles will be automatically eliminated when culture of power organisations is 
changed, which will result in optimising maintenance practices and initiating TPM 
programme. 
8.3 Stage 1 Strategic Process of TPM Implementation 
The first stage of operational framework is called strategic process of TPM 
Implementation. It is made up of seven main steps outlined in Figure 8.1. Step one is 
an in-depth diagnosis and analysis of the maintenance management within power 
organisations to identify the existing level of maintenance processes, policies and 
practices. The second step begins with a commitment of senior management to 
optimise power plants maintenance and the organisational culture. The third step is to 
assign a team to manage and guide the implementation of the operational framework 
within the power plants. Stage four involves diagnosing preferred and existing 
organisational culture. After that, in step five, company goals and policies need to be 
developed and aligned with assets management strategy and maintenance 
requirements. Step six is implementing the approved improvement plan for 
organisation culture and technical processes and setting realistic timelines and 
benchmarks to initiate the strategy, starting with actions to be continued, stopped and 
started, while emphasising new organisation principles to induce change in 
organisational culture. Step seven is consistent analysis and monitoring the 
implementation and comparison with the plan. Then the organisational culture 
improvement is confirmed by the comprehensive business performance focus of the 
power plants. The maintenance factors are then compared and evaluated against the 
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maintenance implementation that existed in step one. Organisations need to check and 
evaluate, at this point, whether there are any improvements, where if there are none, a 
review of the aforementioned steps is taken. In the case of maintenance factors 
improvements, the next stage (stage 2) is imminent, meaning the implementation of 
TPM is optimal for the power plants. 
8.3.1 Step 1: Diagnosis of the Current Maintenance System 
The existing maintenance implementation level requires to be measured and evaluated 
to report the necessity to change the organisational culture and allow for TPM 
implementation. 
8.3.2 Step 2: Commitment of Senior Management 
Successful TPM implementation and organisational culture change is directly 
dependent on the level of commitment from senior executives of power plants. Senior 
management is primarily responsible for organisational culture change. Implementing 
this operational framework depends on the personal involvement of senior 
management of the power plants. The implementation will likely fail if they are not 
involved directly and personally. Resources such as funds, time, spare parts, tools, 
modern software (like NDT equipment, simulation and modeling based on AI 
technologies for fault diagnosis and prognosis) and expert manpower need to be 
secured through senior management. Moreover, senior power assets managers should 
understand and know the significance of organisational culture change through giving 
delegation of authority to operative staff and empowering operators for taking effective 
decisions related to maintenance actions. This will result in supporting and improving 
the maintenance and operations activities and hence optimising the reliability and 
availability of power plants. Furthermore, senior asset managers need to emphasise the 
effective commitment in establishing TPM office that involves small groups and teams 
for specific improvement targets. This office will support senior management to work 
effectively and take the optimal decisions regarding development and continuous 
improvement (Piechnicki et al., 2015). On the other hand, the three stages of the 
operational framework need direct involvement and commitment of senior 
management. With respect to senior management commitment to deploying TPM in 
organisations, several researchers recognised the failure or success of TPM programme 
execution to senior management support and commitment, such as (Munir et al., 2019; 
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Jain et al., 2018; Hooi and Leong, 2017; Piechnicki et al., 2015; Poduval et al., 2015; 
Attri et al., 2014; Park and Han, 2001).  
8.3.3 Step 3: Formulation Team for Organisational Culture Change  
Following a clear and comprehensive commitment from senior management, a TPM 
team is established specifically for organisational culture transformation and securing 
the required resources. The team includes members from senior management as well as 
maintenance, operations, finance, scheduling and planning, project, asset performance 
and other functional departments. Power organisations should consider different 
selection criteria for members of TPM team such as experience in operation and 
maintenance activities, technical knowledge, analytical skills, capabilities and annual 
performance appraisal of an employee's job productivity. The main responsibilities and 
roles of TPM team are to plan, execute and establish the necessary changes in 
organisation culture while evaluating the results of the actions taken. 
8.3.4 Step 4: Analysis of the Preferred and Existing Culture  
This step includes assessment and diagnosis of the current organisation culture through 
a TPM team to provide the power plants maintenance characteristics and determine the 
appropriate and preferred company culture. The team leader in collaboration with his 
team should conduct diagnosis and analysis through utilising the assessment tools 
related to maintenance practices characteristics and organisational culture. These tools 
of assessment are based on section 1 and 2 from designed questionnaire within 
Appendix H. This subjective and descriptive analysis through questionnaire will enable 
leader with team members to rank the critical factors that could affect successful 
implementation of TPM programme across power plants. The results of diagnosis and 
analysis will provide a more detailed view of the existing maintenance practice 
characteristics and organisational culture. These results should be discussed and 
interpreted through TPM team to compare with preferred culture and hence identify 
the gaps that could support to define the potential changes within power organisations 
culture that require to be introduced. The main purpose of this assessment is to identify 
the profiles of company culture and characteristics of current maintenance practices. 
The findings of this diagnosis also show how these profiles of maintenance and culture 
could contribute to shape the culture of power plants through comparing the future and 
current cultures. This analysis will empower TPM team to define the required changes 
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and the organisation culture profile that needs to be decreased or increased 
accordingly. 
8.3.5 Step 5: Development of Company Goals and Policies 
Goals and polices of organisations need to be developed and aligned with assets 
management strategy and maintenance requirements. This step will guide TPM team to 
utilise the right maintenance strategy as well as the required maintenance tools and 
KPIs measurements. Performance management plays a significant role in optimising 
assets management through adopting maintenance quality strategies. It is well-
recognised that the power plants in Abu Dhabi, at the moment, do not utilise a 
complete framework to allow them to conduct performance measures and KPIs 
analysis within maintenance activities. Power organisations should develop a 
comprehensive framework to measure the real performance and KPIs of power assets 
maintenance in terms of managerial, operational and financial performance.  
The developed framework of performance management should be cohesive, clear, and 
understood by staff and professionals at all levels. It should properly collect results as 
well as support the established company goals. TPM team and operators can easily 
analyse and compare the collected KPIs data within a common framework, enabling 
subsequent evaluations. If the performance measures were correctly set up in the 
beginning of framework design, the data collection of KPIs would be relevant and 
useful. According to the findings in chapter five of interview analysis of this study so 
far, there is a clear gap about developing and utilising KPIs within evaluation of 
maintenance activities (KPIs for power networks reliability, maintenance costs and 
workforce utilisation) in the Abu Dhabi power plants.  
Thus, it is vital to develop a clear set of targets against which to manage and measure 
performance within maintenance tasks assessment. Setting the appropriate indicators 
and goals is significant for providing effective and accurate performance measures 
within process of TPM implementation (Brah and Chong, 2004). The developed 
framework of performance management should be utilised as a benchmark to compare 
current KPIs data of Abu Dhabi power plants with optimal results of international 
power utilities over the world. These performance measures should align with the 
indicators and goals at the maintenance level. The main objective is to necessitate an 
iterative process to promote constant improvement. 
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8.3.6 Step 6: Implementation of New Culture 
The significance of factors in Figure 8.1 that involves both (organisational culture and 
technical process orientation) were discussed in chapter seven. Thus, power 
organisations need to change their culture to enable them to improve the maintenance 
practices factors based on technical process orientation. The routine maintenance 
activities and organisational culture profiles that need to start, stop, or continue must 
be identified through TPM team. Moreover, selecting appropriate actions that will 
produce immediate noticeable results and facilitate cultural change immediately is 
essential. Identifying maintenance resources, performance measures, and benchmarks 
is central to track necessary changes.  
It is an essential to keep all staff notified of the new changes with a clear 
communication strategy that reflects the significance of values of the preferred 
maintenance practices and organisational culture change. It is also important to inform 
all employees through TPM office and senior management about the practical process 
to achieve the new culture change. Furthermore, to promote the new culture change 
(preferred culture), various organisation parts such as technical processes, staff, 
systems, leadership style, symbols, managerial skills, structure, and strategy must 
change. 
8.3.7 Step 7: New Culture Evaluation 
The next step after implementing a new company culture is an evaluation of the culture 
change level. The evaluation of the reorganised culture is compared to the preferred 
culture. Whereas cultural level reaches the preferred level, a detailed evaluation is 
performed by TPM leader and his team members through utilising a designed 
questionnaire (Section Two and Three of Appendix H) with the purpose of addressing 
all factors of maintenance practices and organisational culture of power plants.  
When the preferred change is achieved within organisational culture, it is significant to 
review the practices of maintenance to optimise the reliability and availability of the 
power plants. A comparison should be applied between the first and sixth steps to 
appraise the level of maintenance practices and determine the improvement within 
maintenance activities. 
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8.4 Stage 2 Operational Process of TPM Implementation 
Here the researcher proposed the stage 2 of operational framework based on the 
significance of research findings; see Figure 8.1. This stage 2 will support operators 
and decision-makers to lead TPM execution within power industry through utilising 
RCM tools and AI techniques (simulation and modeling). The researcher has 
developed this framework as a recommendation for successful TPM implementation in 
Abu Dhabi power organisations. The proposed framework within stage 2 is developed 
through integrating TPM with RCM strategies, participating autonomous maintenance, 
utilising sensor technologies for condition monitoring techniques and using predicative 
models based on AI technologies that involve simulation and modeling techniques. 
Many authors in literature Braglia et al. (2019); Baglee et al. (2017); Baglee and 
Knowles (2010) have integrated RCM strategy with TPM framework. This framework 
however is a more detailed and is an implementation framework in the context of Abu 
Dhabi power industry with emphasis on operator decision making process for 
maintenance activities of power plants. 
This research study has been able to demonstrate that the case study (Abu Dhabi power 
utilities) require to develop their maintenance practices to enhance their reliability and 
availability, and implement a modern maintenance strategies like TPM that overcomes 
all daunting maintenance tasks. The proposed framework is called operational process 
of TPM implementation and it consists of four steps. Step one is the formulating step 
that will begin by initiating TPM through senior managers and TPM office, 
subsequently providing training and education programmes for operation and 
maintenance workforces, to upgrade and enhance technical knowledge and to reduce 
change resistance that is needed to successfully implement TPM. Subsequently, the 
TPM office should launch TPM goals and policies which have KPIs measures for 
controlling and measuring the continuous improvements of maintenance activities and 
power asset management. In addition, a comprehensive plan formulation and 
preparation should be performed by TPM office to deliver a monthly, weekly or daily 
scheduled programme of TPM activities. The second step is to report schedules and 
plans to all workforces. After that, the start of the real TPM implementation. This step 
involves of four main activities, which are to develop an autonomous maintenance 
programme, propose a planned maintenance programme, plan an early machine 
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management programme and improve employees (operations and maintenance) skills 
and capabilities.  
The third step is to start FMECA analysis through operator participation based on 
certain steps that are associated with RCM information worksheets and decision 
diagrams. The fourth step is checking stabilisation of TPM implementation and 
comparing it with the plan. This step is used to confirm the improvement within 
operational processes of TPM implementation. After confirming the improvement in 
TPM implementation processes, improvement within equipment effectiveness must be 
assessed and compared with the current KPIs measures of maintenance. During this 
step organisations check whether there are enhancements or if not, an evaluation of 
prior steps requires to be taken. If there are enhancements within TPM implementation 
processes with equipment effectiveness this will guide to next stage, which indicates 
the power utilities are capable and prepared to measure and control maintenance 
performance. 
8.4.1 Step 1: Introduce and Prepare TPM 
As clarified in chapter two and three (literature review), an important change in culture 
of organisations is required to implement TPM smoothly. The impact of organisational 
culture and structural empowerment on autonomous maintenance were evidenced in 
chapter six of this research study. Power organisations will have a solid basis to deploy 
TPM following the change of organisational culture, as discussed earlier. The 
researcher adopted four main phases of Nakajima’s framework for executing TPM 
programme (Nakajima, 1988) across power plants in Abu Dhabi. The first phase 
(preparation), where overcoming the resistance to change is imperative. The second 
phase (preliminary implementation), where operators are involved in maintenance 
activities directly. The third phase (TPM implementation), where improvement of 
equipment effectiveness takes place as well as staff skills and development of 
autonomous and planned maintenance. The fourth phase in this sequence is TPM 
stabilisation, where the TPM programme is continuously developed and improved 
(Park and Han, 2001). The main responsibility of senior management, after that, is of 
introducing TPM, by announcing TPM as a programme for improvement, taking place 
in a formulated appropriate environment. The commitment of senior management is 
critical to the successful implementation of TPM, as explained in chapter two and three 
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(Munir et al., 2019; Jain et al., 2018; Hooi and Leong, 2017; Piechnicki et al., 2015; 
Poduval et al., 2015; Attri et al., 2014; Park and Han, 2001). TPM training and 
education needs to take place at all levels in power plants. The reason is to soften 
resistance of employees as that can contribute to TPM programme failure (Attri et al., 
2014). TPM implementation activities are promoted and coordinated by a TPM 
committee (Piechnicki et al., 2015; Poduval et al., 2015) that needs to be established 
by senior management as they implement the master plan on that basis. The TPM 
committee will develop performance measures, reasonable goals as well as TPM 
policies while considering that each subsequent team will set reliable goals (Park and 
Han, 2001). The master plan objective is to deliver a routine schedule for 
implementation and promotion of TPM activities which includes a skills improvement 
plan for staff, quality control, an autonomous maintenance programme, planned 
maintenance and quality control. 
8.4.2 Step 2: Kick off 
The TPM committee, in this step, must organise comprehensive processes and classify 
preliminary responsibilities of operators. The programme involves all the employees as 
they shift their daily tasks schedules into the TPM programme, which aims to remove 
the six big losses. This can occur through emphasising education and training activities 
to autonomous maintenance. The new procedures, processes and training programme 
should be conducted in coordination with maintenance personnel and supported by 
senior management (Nakajima, 1988; Park and Han, 2001; Lee Cook 2000). Prior to a 
full TPM programme, this step focuses on developing programmes for equipment 
management for the essential improvement of equipment effectiveness. Furthermore, 
operators should focus on critical power assets that demonstrate the highest failure 
rates and losses, the reason is to remove the critical losses as the priority. This will 
result in improving targeted areas and overcoming any change resistance from 
operators. Moreover, equipment management programme should be developed through 
identifying equipment failure modes, analysing causes of faulty machines and 
establishing an improvement plan based on understanding the results of failure 
analysis. Operation and maintenance departments cooperate directly, in this step, with 
engineering and technical departments under supervision of TPM committee. 
Operators should be more involved in programme of autonomous maintenance through 
performing light maintenance activities, increasing their level of skills and capabilities 
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by attending on job training programmes. These activities are based on the plan of 
early equipment management. Senior management and TPM committee should assess 
the current capabilities and skill levels of operators through assigning training 
benchmarks, in collaboration with maintenance staff, for skill development and 
relevant certification for the operators. Programme of planned maintenance should be 
established by maintenance department in collaboration with operations and assets 
performance management departments. Senior management and the TPM committee 
should provide strong empowerment to maintenance, operations and assets 
performance departments to enhance activities of planned maintenance. The main 
objective of planned maintenance programme is to optimise maintenance costs, secure 
spare parts availability, attain high reliability and availability of power plants, 
achieving zero breakdowns, zero failure and zero accidents within maintenance 
activities.     
8.4.3 Step 3: Implementation FMECA Analysis  
In this step, the developed methodology focuses as an operational tool on the 
equipment level. The implementation of this methodology clearly needs specific 
managerial and organisational conditions that can be attained through a comprehensive 
maintenance management system. The researcher, hence, developed this methodology 
based on a broader TPM initiative. The methodology aims to support practitioners and 
decision-makers in asset management from the initial phase of investigating optimum 
maintenance actions to the preparation of operational worksheets (RCM information 
and decision sheets) that support implementing and planning maintenance activities. In 
specific, with reference for any given component of machine, this approach:   
 
1. Defines possible failure causes and their effects as well as a criticality analysis 
through FMECA; 
 
2. Outlines optimum maintenance actions to eliminate, prevent or predicting any 
failures occurrence, as well as adopting autonomous maintenance activities through 
operators; 
 
3. Encourages functional implementation, based on operational procedures using 
worksheets developed and used by maintenance staff and operators in 
collaboration.  
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Furthermore, this approach analyses the current system considering potential technical 
issues and operating conditions to evaluate the different options of maintenance 
activities. The optimum maintenance activity is identified based on safety, legal, 
economic and technical requirements. This methodology has the ability to fulfil these 
points through a sequence of clear procedure within 3 key steps, outlined in Figure 8.2. 
In the following section, the researcher will provide in detail how the developed 
methodology can be performed through operators in coordination and collaboration 




















 Detailed Explanation about the Operational Steps and Processes of TPM 
Implementation  
 
The FMECA application needs operators to prepare a plant breakdown structure (see 
Table 8.1) that can divide the plant into units, spare parts, components, subsystems, 
failure classes and modes, failure effects, maintenance costs and risk assessment. The 
Figure 8. 2 Summary of the Operational Steps and Processes of TPM Implementation 
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decision flow diagram is generated from the FMECA output shown in Figure 8.1 
which recognises the right maintenance tasks and frequency for each cause of failure. 
In this figure, the researcher determine 3 key areas: first area (on-line area) that enables 
operators to assess system/subsystem condition without causing any operations 
interruption. On the other hand, off-line area that allows operators to perform routine 
maintenance at predefined time intervals (time-based maintenance) like PM, CrM, 
replacements and inspections activities due to absence of on-line condition monitoring 
techniques. The third area is failure-driven that utilises run to failure strategy when 
previous activities are not feasible. The selection of an appropriate maintenance task 




The researcher has adopted a logic tree of the standard RCM (Braglia et al., 2019; 
Moubray, 1997) to propose the operational framework for TPM implementation within 
power organisations. However, the first activity to be performed is participation of 
operators within maintenance activities. This means participation of autonomous 
maintenance showed its first important difference in implementing this framework. 
When a signal is detectable and available, operators can then start their maintenance 
activities. In fact, TPM stresses that operators perform activities like adjusting, 
cleaning and inspection during autonomous maintenance practice to eliminate and 
reduce a big portion of the six losses (Ben-Daya, 2000; Nakajima, 1988). If 
implemented systematically, operators can be able to detect any abnormalities (signals 
of accelerated wear) early on the power plants and anticipating their failure causes and 
Table 8. 1 Example of Machine Breakdown Worksheet 
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modes. The researcher and practitioner should remember that, operators play the role 
of defence in the first line within the original TPM context (Braglia et al., 2019).  
Furthermore, operators should inform maintenance experts and engineers about 
necessary actions to apply the right consistent activities efficiently and effectively. 
Plans of operators should be developed correctly through determining the right amount 
of maintenance jobs and their frequency. Also, they need to monitor and revise the 
current frequency and adjust it when there are any changes or modifications in 
equipment operating conditions. In Figure 8.1 – Stage 2, when a signal is available and 
operators cannot detect the abnormality on equipment through five-sense detection, 
then the expert must consider adopting sensors techniques (on-line monitoring). This 
assessment is based on the maintenance economic evaluation and on the failure 
criticality that adopted from FMECA. Techniques of sensor-monitoring lead operators 
to implement either predictive maintenance (PdM) or condition-based maintenance 
(CBM) models, depending on whether a real-time data (through data collection 
system) and a predictive model (through artificial intelligence technologies) are 
available or not. Operators can perform PdM once real-time data and predictive models 
are available. The researcher highlighted that PdM employs prognostics techniques and 
principles (Le Son et al., 2016). Thus, operators needs to utilise simulation and 
modelling software for analysing the prognostics of critical power assets (based on 
degradation analysis) and conducting maintenance costs optimisation to select the 
optimum period of executing maintenance task with lowest maintenance costs that 
involve downtime, labour and spare parts. However, operators can perform CBM when 
there is no remote data and a predictive model. If operators perform CBM, a 
maintenance job should identify frequency of data collection and threshold values that 
show when the component/parts of system are likely to fail. Furthermore, for both 
cases, operators need to assess their capability based on RPN analysis before applying 
selected maintenance policies to power plants.  
Based on the criticality analysis of failure mode, complexity and age of machines, 
operators can decide either to perform proposed maintenance tasks or transfer them to 
maintenance staff. If maintenance tasks are transferred, then operators need to take 
education and training on the job for the transferred tasks to overcome any challenges 
in future.  
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On the other hand, if the experts and maintenance engineers embrace a policy of PdM, 
the model of prognostics enables the estimation RUL for critical parts of equipment 
and provides right maintenance decisions based on the prediction of critical potential 
failure time. Clearly, feedback is significant in both cases to modify the parameters of 
maintenance policies based on changes within plant operating conditions. The 
researcher reported that the diagram of decision flow (Figure 8.1 – Stage 2) reflects the 
possibility of applying modifications to machines when signals cannot be utilised to 
perform sensor-monitoring techniques or implement autonomous maintenance. This is 
based on TPM principles and philosophies that reflect maintainability improvement.  
If sensor-monitoring techniques and participation of operators within maintenance 
activities cannot be performed, then experts and maintenance engineers must 
implement either run to failure strategies or planned maintenance programmes (see 
Figure 8.1 – Stage 2). This relies on both the economic evaluation of maintenance 
tasks and the criticality of failure. Relating to planned maintenance actions, the 
opportunity to have accurate failure data either from the field or from original 
equipment manufacturers enables operators or experts to statistically measure and 
evaluate when critical failures are likely to happen. Thus, this estimate identifies 
suitable and optimum maintenance intervals and hence optimises maintenance costs 
that involve labour, spare parts and downtime. It is significant to perceive that 
organised and planned activities can involve either direct replacement or inspection. In 
fact, some parts/equipment cannot undertake inspection activities due to economic 
or/and technical problems.  
In this situation, the only feasible action is replacement. Consistent with the concept of 
maintainability improvement, the diagram of decision tree (Figure 8.1 – Stage 2) 
proposes equipment modification to enable inspection activities. In addition, feedback 
is important to modify the parameters of maintenance policies based on changes within 
plant operating conditions. The researcher perceived that planned maintenance jobs on 
selected equipment/components may provide the opportunity to apply repair and/or 
inspect other equipment/components. That is, opportunistic maintenance actions must 
be considered (Ab-Samat and Kamaruddin, 2014; Alkali and McGibney, 2014). Many 
authors in literature (e.g. Cavalcante and Lopes, 2015; Hu and Zhang, 2014) indicated 
that numerous decision support models could help the analyst to select the 
opportunistic maintenance policy. Furthermore, the objective of TPM zero breakdowns 
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would, however, need optimising plans when the policy of run-to-failure is performed. 
In this case, equipment/component modifications are required to reduce or prevent 
failure modes. Once experts and maintenance engineers have identified maintenance 
actions through the diagram of decision flow in Figure 8.1 – Stage 2, it is probable to 
propose actions for maintenance development and improvement. In particular, it is 
likely to scrutinize and investigate power plants under the TPM approach. 
There has been almost no studies in literature related to the integration of TPM, RCM 
and analytical tools (FMECA, RUL, degradation analysis) through performing 
modelling and simulation by operators in the context of power industry environment. 
To the best knowledge of the researcher, it lacks an organised practical operational 
methodology to plant maintenance through autonomous maintenance activities in 
power plants. Thus, the methodology illustrated in this study closes the gap. A sample 
analysis worksheet for productive maintenance is illustrated in Table 8.2. The 
worksheet contains technical information within several sections and columns 
analysing equipment failure through FMECA. 
 








Table 8. 2 Sample Worksheet for Analysis of Productive Maintenance 
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1. The “Equipment/Identifier” section identifies the description about each equipment 
and failure mode of each functional group. Table 8.1 directly presents this 
information: 
 
 The “System/Subsystem Failure Cause/Mode” column presents the system 
failure causes on equipment/components functionalities; 
 
 The “Criticality” column reports the impact on the performance of the 
machines in each of the specified failure modes (subjective analysis). This 
information should be considered when determine optimum maintenance 
strategies/policies based on the diagram of decision tree presented in Figure 
8.1. 
 
2.  The “Failure – FMECA - Analysis” section reports causes of failure, technical 
documents, failure effects, auxiliary material, and spare parts, necessary for the 
intervention of maintenance. Operators should conduct this analysis with support 
from maintenance staff to recognise, rank, and prevent possible failures within the 
system/subsystem. 
 
 The “Component Failure Mode” column identifies the part which caused the 
particular failure mode, detailing the results of the subsequent failure mode; 
 
 The “Failure Effect” column analyses effects of each failure mode; 
 
 The “Spare Parts” column reports number of replaced spare parts and identifies 
the highest frequency spare parts defect within a particular equipment;  
 
 The “Technical Documents” column explains the role of operators in 
recognising and updating CMMS system with new failure classes of a failure 
hierarchy. 
 
3. The “Criticality - RPN Analysis” section classifies the effects of failure mode 
through severity, occurrence and detection. It involves criticality calculations by 
operators and maintenance employees to prioritise the potential failure cause and 
define highest risk of components/equipment. This analysis is based on quantitative 
approach. It includes also mitigations and corrective activities. It enables operators 
to record and interpret critical risk with rationale. Further, this kind of analysis 
needs to be conducted by an expert’s elicitation (maintenance employees, operators 
and contractors are involved) (Alkali and McGibney, 2014). 
  
4. The “Failure Costs Analysis” section presents how operators collect maintenance 
costs data that involve labour, spare parts, and downtime costs. Historical 
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maintenance data should be analysed by operators to calculate and recognise 
failure rate, MTTR and MTBF. This analysis is significant for maintenance cost 
optimisation through utilising simulation modelling.  
 
5. The “Information Source” section gathers and records maintenance data through 
operators to detect, diagnosis and prognosis any early failure: 
 
 The “On-line Monitoring Signals” column explains how operators perceive and 
recognise direct or indirect signals through remote data (like supervisory 
control and data acquisition – SCADA - system and on-line condition 
monitoring signals based on sensor technologies). These signals will enable and 
assist operators in failure prediction; 
 
 The “Failure Information” column describes failure symptoms or indirect 
signals through off-line condition monitoring and inspection activities that 
performed by operators. These indirect signals can allow operators within 
aforementioned activities to correct any early potential failure through selecting 
optimum maintenance actions.  
 
6. The “Current Maintenance Tasks” section identifies the current procedures and 
processes to perform maintenance activities for each failure cause. It specifies also 
the current number of operators and maintenance crews to execute required 
maintenance tasks. This section also presents the frequency of each current 
maintenance activity based on asset condition assessment without considering 
OEM recommendations that depend on the concept of time based maintenance 
(like routine maintenance and PM activities). This information is needed within the 
job of identifying modification of maintenance actions. 
 
7. The “Modification Analysis” section, based on RCM decision worksheets, it 
specifies potential equipment modification to prevent/predict the failure or enhance 
its design and maintainability associated with safety, environment and operations 
aspects. 
 
 The “Intervention alternatives” column suggests potential modifications to the 
machines/system. These adjustments should be in line with the criticality of the 
specific failure cause in respect: a greater effect of failure may result in more 
significant, expensive and complicated modifications. A cost-benefit analysis 
supports the final decision of possible interventions. For instance, the 
subsequent criteria may be taken into account: anticipated reduction of 
maintenance costs and downtimes; payback period and necessary investments; 
and assessed OEE enhancement; 
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 The “Intervention criticalities” column indicates possible barriers/difficulties 
that may hinder implementation of modification, such as financial and time 
constraints, technical limitations, legal and safety aspects and further 
criticalities.  
 
Data represent within both Tables 8.1 and 8.2 are needed to propose the plan/strategy 
of optimum maintenance activities. This developed framework allows: 
 
1) Identification of maintenance activities;  
 
2) Identification and distribution of human resources with productive maintenance 
activities (e.g., maintenance staff, operators, production engineers, technology 
specialists, etc.); 
 
3) Improvement of workforce utilisation and optimisation of maintenance costs 
through utilising both planned and autonomous maintenance pillars of TPM 
programme that involves mix of RCM tools, on-line and off-line condition 
monitoring, inspection activities, planned repairs, corrective maintenance or 
replacement;  
 
4) Implementation of prognostic maintenance based on degradation analysis of 
critical parts/equipment within power industry (like power transformers) that 
utilising simulation and modeling by operators;  
 
5) Identification of optimum PM interval and costs based on FMECA analysis that 
employed within simulation and modeling;   
 
6) Utilisation of predictive maintenance activities under the context of industry 4.0 
that involves the following characteristics: using real-time data, performing 
degradation analysis, predicting RUL of critical assets, optimising maintenance 
costs, utilising advanced data analytics software (simulation and modeling) based 
on AI technologies. This concept of industry 4.0 will empower and support 
operators in decision making associated with the optimum maintenance 
policy/strategy and life-cycle costs (Ruiz-Sarmiento et al., 2020).    
 
In specific, this plan should be proposed for each functional components of the 
equipment/system and lead routine productive maintenance activities. The plan of 
productive maintenance programme includes the subsequent main segments, which are 
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associated with the key areas that define maintenance strategies/polices and identify 
the optimum maintenance activities from the decision tree diagram in Figure 8.1: 
 
 The “Component identification” section identifies the part of the equipment 
that designated for maintenance. This action originates from Table 8.1 that 
reflects the number of rows based on the detail level of operators’ analysis for 
functional group of system/subsystem; 
   
 The “On-line activities” section presents all operational characteristics (e.g. 
frequency, duration, description, and documents) involving autonomous 
maintenance activities. However, maintenance personnel may be participate 
with operators based on criticality assessment of power assets and capability of 
operators to carry out the assigned tasks. Operators should start with the 5-
Sense techniques before utilising sensor-monitoring techniques based on the 
sensor technology. Operators should also perform simulation and modeling 
analysis that employed artificial intelligence technologies under the context of 
predictive maintenance model and industry 4.0 revolution. This analysis will 
result in selecting the optimum maintenance tasks and interval, predicting the 
RUL of critical assets and optimising maintenance costs; 
 
 The “Off-line activities” section presents all operational aspects (e.g. 
frequency, documents, description, and duration) involving planned 
maintenance activities (i.e. scheduled repairs and/or inspections); 
 
 The “Failure-driven activities” section defines all tasks carried out due to 
machine failure and defect. It indicates necessary additional 
material/equipment, spare parts, technical activities, safety measures, etc. to be 
utilised in restoration maintenance tasks;  
 
 The “Improvement activities” section investigates possible enhancement 
actions with the objective of improving maintenance and/or system availability. 
These procedures may include the collection of data, modification of 
maintenance procedures and/or standards of design, system modification, 
operator or technician focus training, as well as recommendations to specialised 
spare part suppliers. 
 
The typical activities that operators perform under the regime of autonomous 
maintenance involve inspecting, cleaning, regulating, lubricating, performing basic 
maintenance tasks, recording maintenance activities within CMMS system, analysing 
historical maintenance data through using simulation and modeling techniques and 
verifying standard conditions of operation. To carry out these activities, operators 
possibly will need the aid of auxiliary equipment, materials, and tools as well as 
instruction manuals. Furthermore, operators may need to report TPM committee and 
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maintenance department through providing clear feedback about their maintenance 
activities. It is important to note that TPM committee should define responsible staff 
(either operators or maintenance personnel) to carry out planned maintenance (off-line 
activities). In fact, maintenance personnel or operators can perform such replacement 
and/or inspection tasks. It is significant to note that any replacement for a given 
part/equipment possibly will follow an inspection based on the discovered conditions. 
In addition, TPM committee may need to support planning tasks of autonomous 
maintenance through enabling operators to complete their worksheets. An example 
worksheet is presented in Table 8.3.  Some activities of operators may need suitable on 
job training, prior TPM committee approval or/and renegotiation about their contracts.  
Most activities, however, already apply to operators, such as lubricating, cleaning, 
tightening and inspection. The frequency of operator’s tasks, as observed by the 
researcher, is subject to review and, when required any modification based on 
operating condition changes. 
 
8.4.4 Step 4: Stabilisation 
The final step of the operational process of TPM implementation. It is proposed to 
promote a higher maintenance goal and improve implementation of TPM. 
Furthermore, TPM committee continue to improve TPM outputs through the 
improvement cycle. Moreover, power organisations can focus on maximising machine 
reliability and availability through business strategies of power plants and by including 
their maintenance goals.  This step is used to confirm the improvement within strategic 
and operational processes of TPM implementation. Operators in coordination with 
maintenance staff need to increase stabilization of TPM implementation through 
Table 8. 3 Example of Autonomous Maintenance Worksheet 
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supporting maintenance improvement efforts. Operators need to challenge greater 
targets during performing productive maintenance plan.   
After confirming the improvement in TPM implementation process, improvement 
within equipment effectiveness should be compared and evaluated to the existing 
maintenance performance measures (KPIs) that established within stage one and 
relating to strategic and operational processes of developed framework. During this 
step power organisations check if there are any clear improvements and, if not, an 
evaluation of prior steps requires to be implemented again. However, if there are 
enhancements in TPM implementation process with equipment effectiveness this will 
lead to next stage (stage 3), which indicates power organisations are prepared to 
measure and control the maintenance performance.  
8.5 Stage 3 Development of Maintenance Key Performance 
Indicators (KPIs) Measurement and Control  
Organisations are continuously aiming to adopt effective strategic management plan to 
improve business operations, increase revenues and attain competitive advantage. 
Monitoring progress and performance in plant maintenance is a key challenge within 
several organisations (Muchiri et al., 2011). Wilson et al. (2000) clarified that an 
appropriately performed maintenance tasks is a strategic plan that can confirm 
continued benefits generation. TPM, as well as other similar strategies, assure to 
enhance maintenance performance through implementing high level of commitment in 
integration, acquisition of resources and training (Swanson, 2001). 
TPM programme enhances organisations performance in different aspects, like 
customer satisfaction, employee morale, safety, cleanliness and operations 
performance. These aspects have positive impact on organisations’ bottom line through 
continuous development and improvement process. Fredendall et al. (1997) surmise 
that maintenance plays a critical role in ability of organisations to effectively compete 
within industrial sectors in terms of cost, delivery and quality. The debate is that 
investing in maintenance practices is not an expenditure. This kind of investment will 
result in improving performance of plant maintenance. Implementing TPM 
successfully can lead to maintenance performance improvement on the basis of lead-
time, flexibility, dependability, safety and quality. Wilson et al. (2000) elaborated that 
attaining the main aims of TPM decreases the six big losses. The elimination of these 
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losses during TPM activities optimises the OEE. TPM also has another aspect of 
performance particularly employee’s performance and self-esteem. When maintenance 
crew and operators work in partnership as a teamwork, the result is higher productivity 
and fewer breakdowns. Self-esteem of both group of staff possibly will rise the 
operator's sense of ownership of the machine and hence the need for maintenance 
specialists and simple repair activities is minimised. Here the third stage is called 
development of maintenance performance measurement and control (KPIs) and it 
consists of four main steps. The researcher provides more details about each step in the 
subsequent sections:   
8.5.1 Step 1: Development of Maintenance Key Performance 
Indicators (KPIs) Measures 
The first step, organisations need to develop a scale of KPIs consistent with their 
setting of performance measures and goals in maintenance and asset management 
policy/strategy. Many authors in previous literature (Takahashi and Osada, 1990; 
Fredendall et al., 1997; Wilson et al.; 2000; Brah et al., 2002; Brah and Chong, 2004; 
Chowdhury and Koval, 2009; Muchiri et al., 2011) argued that the importance of 
balancing non-financial and financial indicators is required to achieve optimum 
business performance. This confirms senior management are not only focusing on 
financial aspects. Furthermore, the main function of TPM programme is to manage 
workforce in the field to perform maintenance activities effectively and hence improve 
processes continuously and making organisations more sustainable and profitable. 
Thus, TPM committee within power organisations should establish different scale of 
performance to improve and optimise maintenance activities. The TPM committee is 
required to establish effective KPIs measures through the subsequent activities:  
 
1. Develop maintenance objectives and goals associated with asset management 
strategy;  
 
2. Find out what it takes to overcome challenges and daunting tasks within 
maintenance activities to establish and link KPIs with asset management strategy; 
 
3. Identify and organise maintenance data to establish clear metrics associated with 
developed KPIs; 
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4. Carry out a gap analysis through evaluating and comparing the existing 
maintenance data. This analysis will lead to confirm the data collection is entirely 
line up with the updated maintenance policy and strategy; 
 
5. Define the suitable supporting maintenance data (like plant maintenance history, 
trend statistics, failure rate, MTBF, MTTR, maintenance costs, etc) that can 
support TPM committee to make a clear decision for continuous development and 
improvement; 
 
6. Identify the accurate measurement approach and frequency to measure KPIs for 
maintenance activities; 
 
7. Allocate ownership for KPIs measures to enable members of TPM committee to be 
familiar with the collecting, recording, storing, transferring and interpreting KPIs 
data;  
 
8. Ensure measurements of KPIs are understood by all employees across the power 
plants, from bottom line to senior management level. This will support operators to 
improve maintenance targets and hence select the optimum decision during 
autonomous maintenance programme;  
 
9. Identify the optimal way to report KPIs results to senior management team through 
providing clear variations and trends in data. This will support asset managers to 
take right decisions for continuous development and improvement of best 
maintenance practices;   
 
10. Review KPIs data to confirm they support improve business performance.    
   
Here, the researcher established three types of business performance within stage three 
of operational framework, namely operational performance, financial performance and 
managerial performance. These three variables of performance are extracted from 
review of previous studies including Brah and Chong (2004); Brah et al. (2002); 
Takahashi and Osada (1990). The first step for power organisations is to clearly 
establish the three aforementioned KPIs. Furthermore, operational performance 
indicators should include the following measures: assets reliability and availability, 
failure rate, progress of PM actual versus planned, number of breakdown and 
defective, MTBF, MTTR, mean waiting time, number of safety incidents, etc. Brah 
and Chong (2004) discussed that operational performance measures assess weekly or 
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daily operations performance. Takahashi and Osada (1990) mentioned that, assessing 
the TPM effects through plant managerial aspects related to operations and 
maintenance activities such as safety, productivity and quality. On the other hand, 
TPM committee need to build financial performance indicators such as: budget 
utilisation, asset maintenance unit cost, inventory costs, return on investment, 
operating profits, etc. Brah and Chong (2004) argued that financial performance 
measures evaluate organisations profits, sales and return on capital. Conversely, TPM 
committee should also establish the required indicators for managerial performance 
measures such as: empowerment level, delegation authority, workforce utilisation, 
work orders closing target within CMMS system, data quality and accuracy, team 
activities and skills level, capabilities of operators, flow of materials and tools, 
response of supply staff for securing spare parts, knowledge management level, 
generation of innovation idea, job satisfaction, etc. Takahashi and Osada (1990) 
recommend that, measuring the TPM consequences through performance of 
managerial. They elaborated that senior managers should take the responsibility to 
assess the managerial aspects, for example, employee satisfaction and sales figure.                     
8.5.2 Step 2: Measurement Analysis and Improvement 
Analysis of performance measurements transforms KPIs data into understanding and 
knowledge. Effective analysis technique supports TPM committee deliver better 
decisions that can provide enhanced strategic outcomes. This step concentrates mainly 
on evaluating and measuring performance measures to identify the corrective and 
improvement actions. On the other hand, implementing effective measurement 
software is a significant analysis tool for analysing business performance measures as 
an automation method. Thus, TPM committee should utilise measurement software to 
generate right performance trends and results. 
 
In the second step, power organisations need to analyse KPIs measurement through 
TPM committee. The role of committee is to verify how efficiently an organisation is 
attaining key business objectives and targets associated with maintenance practices. In 
addition, TPM committee should utilise measurements of KPIs to evaluate whether 
organisations recognise, and achieve the planned business targets and improvement 
levels that set in maintenance policy and asset management strategy. The committee 
should be required to analyse the aforementioned KPIs in step 1 quarterly (every three 
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months). Also the TPM committee takes the responsibility to report the improvement 
results to senior management. Effective analysis of performance measures is required 
to be performed by TPM committee through the subsequent activities: 
 
1. Select the most suitable software measurement as an automation tool to generate 
accurate performance trends and results. This analysis will enable TPM committee 
to interpret performance results easily with short time and hence avoid any human 
errors in generating wrong performance trends; 
 
2. Collect and track KPIs data on current performance trends and the historical levels 
to support TPM committee to perform clear comparisons and hence provide better 
decisions and deeper interpretation; 
 
3.  Analyse KPIs data through comparison analysis to detect any variations within 
current performance trends; 
 
4. Identify underperformance and provide clear justifications about low performance 
measures. Underperformance is recognised by comparing the existing KPIs 
measures to thresholds and targets or by analysing variation within performance 
trends; 
 
5. Share and report KPIs results to senior management team who can access 
automated analysis system easily and hence take the right decisions for continuous 
development and improvement of optimum maintenance practices.   
8.5.3 Step 3: Monitoring and Supervision 
The third step is monitoring and supervision of reported KPIs through TPM office. 
Members of TPM committee should track and monitor the designed performance goals 
and targets that set with maintenance policy and asset management strategy. This 
activity will allow operators to collaborate in monitoring current performance 
measures through performing optimal activities during autonomous maintenance 
programme and hence keep the performance trends within planned business goals and 
targets.    
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8.5.4 Step 4: Improvement of KPIs and On-going Benchmarking 
The fourth and final step, TPM committee need to check and identify any 
improvements within reported KPIs measures. When operators participate in tracking 
and monitoring activities, low measures of KPIs can be detected by them through 
monitoring high variations within performance trends. This activity will enable 
operators in coordination with maintenance personnel to suggest the suitable solutions 
to overcome any issues affect business performance. These recommended solutions as 
improvement actions will deliver to TPM committee and senior management team for 
their approval. However, TPM committee should assess the impact of every single 
improvement action continuously utilising the same methods and principles set up in 
the previous steps. This assessment process will result in achieving the desired 
business performance measures. On the other hand, when operators perceive any 
improvements in business performance targets and goals during tracking and 
monitoring KPIs activities, then they need to report TPM committee. This activity will 
empower TPM committee to review maintenance policy and asset management 
strategy continuously. This evaluation process will lead to continue with on-going 
benchmarking, which means power organisations are organised to measure and control 
the maintenance performance metrics that can be compared with reference points of 
benchmark results. These new improvement measures of KPIs will give feedback into 
a closed loop of strategic planning and also link to stage one of operational framework 
(company goals and polices) to update company with new performance measurements 
and control. Conversely, Nakajima (1988) emphasised that TPM has numerous 
benefits related to different categories of business performance as the following: 
 Operational Performance:  
 
 Improvement in progress of PM planned versus actual; 
 Decrease in assets failure rate; 
 Decrease in CM PM ratio;  
 Decrease in number of defects;  
 Decrease in minor stoppages; 
 Shorter adjustment and setup time; 
 Increase in MTBF; 
 Decrease in MTTR; 
 Decrease in number of accidents; 
 Decrease in rework losses and defects; 
 Fewer breakdowns; 
 Decrease in warranty payment; 
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 Increase in availability of assets; 
 Increase in reliability of assets.  
 
 Financial Performance:  
 
 Improve in budget utilisation; 
 Improvement in average cost of asset maintenance (per unit);  
 Decrease in inventory cost;  
 Higher ROI; 
 Increase in operating profits;  
 Increased savings in energy usage and material consumption.  
 
 Managerial Performance: 
 
 Improve in workforce utilisation; 
 Improve in work orders closing target within CMMs; 
 Increase in data accuracy and quality; 
 Increase in level of employees’ skills during team activities;  
 Improve in general cleanliness of organisations;  
 Fewer complaints from customers; 
 Improve in flow of spare parts, materials and tools;  
 Increase of team suggestions for conditions improvement in TPM activities; 
 Increase in multiskilling of employees due to improvement in the discipline of 
staff; 
 Increase in knowledge sharing between staff; 
 Increase in generating innovation idea; 
 Increase of one-point lesson practice;  
 Increase of general employee satisfaction. 
8.6 Validation of the Proposed Operational Framework   
The proposed operational framework was validated through the structured interviews 
performed within the fourth stage of this study (refer to chapter four, section 4.13 for 
more clarification and considerations on validating and refining the operational 
framework). The overall results of structured interviews are shown in Table 8.4 which 
includes different categories of participation: senior academics, RCM consultant and 
practitioners from power industry. The criteria for choosing the professionals are 
explained in chapter four, section 3.14. Furthermore, the researcher was selected the 
same practitioners (from power generation, transmission and distribution case studies) 
who participated in the first stage of this study (semi-structured interview) to perceive 
their opinion about the operational framework validation within power plants. 
Participation of consultant is contributed to this research due to his expertise in RCM 
and assets management in energy sector. Also senior academic staff who are expert in 
TPM have added value through evaluating and validating the developed operational 
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framework suitability for implementation within power industry. They provided 
valuable feedback that enables the researcher to revise and improve his proposed 
framework. According to Zumbo and Hubley (2017) suggest, assessment for validation 
of the operational framework is an effective process and it needs a suitable balance of 
professionals who have entire necessary expert knowledge. 
The overall results in Table 8.4 reveal, most of the participants indicated that, the 
operational framework with regard to the content has the highest coverage level of 
TPM implementation in power organisations (with a mean score = 1.32). The 
participants again indicated that the developed framework, in terms of logic (i.e. the 
flow and sequence of the activities that guide operators to perform successful TPM 
programme across power plants) has a significant high coverage level (with a mean 
score = 1.37). In addition, the proposed framework with regard to the goals of 
maintenance policy, strategy and performance has a high coverage level (with a mean 
score = 1.95). However, in terms of performance indicators, the participants specified 
that it has space for improvement taking into account the other KPIs areas. Overall, 
most of the participants indicated that the developed model could be utilised as an 
operational framework to manage, monitor and measure implementation of the TPM 
programme across power organisations. All participants, particularly practitioners, 
gave the same feedback and comments regarding questions Q5 and Q7. Thus, the 
researcher presented only the feedback for certain participants from each group to 
similarity findings. The following are some comments from experts in TPM and RCM: 
AX1 – Head of Engineering School: “The framework is detailed, comprehensive and 
covers the ‘activities’ required to develop and introduce a new approach to maintenance 
management”.    
 
 CX1- RCM Consultant: “The framework emphasises and utilises the industry 4.0 features 
such as processing of remote on-line data, utilising predictive model based on AI technologies, 
using prognostic and diagnostic analysis, optimising maintenance costs and implementing 
maintenance decisions models through simulation and modeling. Applying this framework 
potentially enables operators to perform complex maintenance activities”.  
 
TX2 - Maintenance Division Manager: “The framework provides clear operational steps 
about new maintenance approach that empowers operators to carry out critical maintenance 
tasks. Participation of operators in maintenance could be a main step to transform the current 
asset management strategy. However, operators need intensive training programmes to 
maximise knowledge and analytical skills. Also, a pilot project should be conducted on the 
small-size of power plant to confirm its suitability and reliability before generalising this 
framework to the whole power sector in Abu Dhabi”.  
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*Meaning of scale (Level of coverage and understanding): 1 (Very High), 2 (High), 3 (Low), 4 (Very Low), 5 (Not Applicable).          
*Meaning of scale (Useful of framework in power industry: 1 (Yes), 2 (Probably Yes), 3 (Unsure), 4 (Probably Not), 5 (Not). 
                                                                                                                                                     
Overall, the development of operational framework and its validation endeavoured to 
determine objective six of this research. The framework introduced in this research 






Area of Expertise/ 
Job Role 





Contents Logic Goals Indicators Understanding  
Academics 
AX1 
Expert in TPM/Head of 
Engineering School 
1 1 1 1 2 Yes 




Expert in maintenance (RCM) and 
assets management of power 
plants/Consultant 






Expert in operation and 
maintenance management 
/Maintenance Director 
1 2 1 3 1 Yes 
GX2 
Expert in asset management 
/Managing Director 






Asset Power Performance 
Specialist 
2 1 2 3 2 Yes 
TX2 Maintenance Division Manager 1 1 1 2 2 Yes 
TX3 Section Head of Power Facilities 1 1 2 2 1 Yes 
TX4 
Senior Power Performance 
Engineer 3 3 4 5 3 Unsure 
TX5 
Section Head of Power Asset 
Performance 
1 1 2 3 1 Yes 
TX6 
Senior High Voltage Operation 
Engineer 2 2 2 4 2 Yes 
TX7 
Section Head of Testing and 
Protection 
1 1 2 3 1 Yes 
TX8 
Section Head of Maintenance 
Scheduling 
1 1 2 3 1 Yes 
TX9 
Field Management Department 
Manager 






Senior Asset Performance 
Engineer 2 2 2 3 2 Yes 
DX2 Senior Maintenance Engineer 1 1 3 2 1 Yes 
DX3 
Senior Asset Performance 
Engineer 
1 1 2 3 1 Yes 
DX4 
Section Head of Testing and 
Protection 
1 2 1 3 1 Yes 
DX5 
Electricity Maintenance Division 
Manager 
1 1 2 3 2 Yes 
Mean score/ Overall Result Area 1.32 1.37 1.95 2.79 1.47 Yes 
Table 8. 4 Validation of Operational Framework – Overall Results     
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implement TPM successfully in the context of power plants. Whereas key decision 
makers within the power industry will embrace this framework. In spite of the hope 
that key decision makers within the power industry will embrace this framework, its 
implementation can be restrained due to some typical challenges. According to the 
findings of this research, the main challenges are: the organisational structures and 
culture, the nature of power industry, the lack of resources. However, senior 
management commitment, developing resource plans, monitoring and analysing KPIs 
related to maintenance activities and better integration between operation and 
maintenance teams across the power plants can overcome most of the key challenges 
and hence asset managers will implement this framework successfully.    
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8.7 Summary  
The framework introduced by the researcher in this chapter serves as a roadmap for 
implementation of TPM in Abu Dhabi power organisations. There are three stages in 
this framework that lead to implement TPM programme successfully. The emphasis of 
stage one (strategic process of TPM implementation) is based on chapters 5 findings, 
illustrating the critical barriers related to processes orientation and organisational 
culture that affect TPM implementation. The core foundation for the successful 
implementation of TPM and a framework for sustainable maintenance structure is a 
smooth and clear change of organisational culture. Furthermore, the emphasis of stage 
two (operational process of TPM implementation) is based on chapters 6 simulation 
and modeling results, demonstrating the positive impact of structural empowerment on 
operator’s participation in maintenance activities. Also, the research findings identified 
that utilising an effective prognostic technique and integrating RCM within TPM 
framework have positive effect on empowering autonomous maintenance across power 
plants. On the other hand, when the preferred company culture has stabilised, the TPM 
operational process can be executed (stage two), thereby facilitating the 
implementation of TPM successfully. The third stage in the framework highlights the 
development of maintenance KPIs, measurements and control. This third stage is based 
on chapter 5 findings, illustrating the lack of utilising optimum KPIs measures within 
maintenance activities. The developed operational framework was validated through 
structured interviews that were conducted in stage four of the framework development.  
 
The key research findings are summarised in the next chapter, giving suggestions, 
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Chapter Nine: Conclusions and 
Recommendations 
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9.1 Introduction   
The aim of this research is to: investigate the critical factors that affect successful 
implementation of TPM programme in the Abu Dhabi power industry environment. 
This chapter concludes this work and provides a summary of the whole research 
findings with a general discussion of the empirical results. In addition, it presents how 
the research questions were answered through attaining the main aim and objectives of 
this study. However, this chapter outlines some unavoidable limitations that were 
presented in this research. On the other hand, it illustrates original contributions to 
knowledge in the field of TPM and generates recommendations for both academia and 
industry.   
9.2 Conclusions 
The implementation of modern maintenance strategies has a positive impact on 
improving industrial assets. There are examples of asset high performance, quality, and 
reliability being achieved through successful maintenance approaches. TPM is an ideal 
approach to support the development and implementation of operation performance 
improvement. It systematically aims to understand the function of equipment, service 
quality relationship with equipment and probable critical equipment failure conditions. 
Implementation of TPM programme needs strategic planning. However, there has been 
almost no research applied in this area within power plants in Gulf region countries. In 
the power sector of Abu Dhabi, assets management is extremely significant, and it thus 
requires efficient and effective support of equipment management. The aim of this 
research is to: investigate the critical factors that affect successful implementation of 
TPM programme in the Abu Dhabi power industry environment. The research has 
revealed that Abu Dhabi power industry is closely aligned to a reactive maintenance 
system that fixes faults on equipment at the same time of failure. However, the cost of 
fixing equipment in reactive mode can be three times greater than preventive 
maintenance costs. It seems that inherent maintenance practices, which reinforce 
reactive maintenance, also affect any changes towards implementation of world class 
maintenance practices. The current practices within the Abu Dhabi power companies 
are static, not dynamic, and are underpinned by many obstacles associated with 
technical, operational and cultural barriers.  
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To achieve the aim of this research, the researcher utilises a design of mixed method 
(exploratory sequential) as an exploratory research nature, starting with a qualitative 
approach. Semi-structured interviews, documents analysis and participant observation 
carried out across three power organisations (case studies) to identify the current 
barriers that affect TPM implementation in the Abu Dhabi power industry context. 
Semi structured interviews were conducted with 16 employees, including senior 
management, middle managers and senior engineers. These interviews were the main 
tool of data collection and has provided rich in-depth data about barriers that affect 
successful implementation of TPM within power plants. The findings of interview 
were categorised TPM obstacles in two main categories, namely: technical 
(operational) and organisational culture barriers. The findings were identified 8 
technical barriers (maintenance; policy; CMMS; resources; participation of 
autonomous maintenance; KPIs; safety and audits) responsible for poor 
implementation of TPM practices. In addition, the findings were identified 9 cultural 
barriers (senior management; change management; empowerment; communication; 
training; teamwork; knowledge; job satisfaction and innovation generation) responsible 
for poor implementation of TPM practices. Conversely, document analysis has 
presented some issues related to utilisation of modern maintenance practices, data 
cleansing in CMMS, KPIs measures. The analysis of HR policy identified a big 
difference in the salary scales for the operative and senior employees. On the other 
hand, minor observations were also utilised and it has recognised some issues related 
to safety, documentation of standard maintenance procedures, monitoring signals from 
SCAD system, accuracy and quality of maintenance data, structure of power 
organisations, verbal communication difficulty, empowerment of operative staff, 
access issues to equipment documentation. The researcher confirmed that the findings 
of interview data analysis are consistent with the findings of both document analysis 
and participant observation. 
On the other hand, questionnaires were distributed with 250 employees, including 
engineers, maintenance planners, technicians, and operators using a hand-delivered 
questionnaire. A sample comprising of three participant organisations was selected 
based on their experience in operations and maintenance of power plants, particularly 
in the power sector and included power generation, transmission as well as distribution 
organisations. A response rate of 89.6 % was achieved with the receipt of 224 out of 
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250 responses. The analysis of questionnaire included identifying the critical barriers 
(technical and cultural) that affecting successful TPM implementation across Abu 
Dhabi power organisations. These barriers (variables) were ranked using the 
respondents’ mean and standard deviation responses. The results indicated that the 
greatest technical barriers in TPM implementation were four out of seven dimensions: 
housekeeping; maintenance policy and methods; participation of autonomous 
maintenance and CMMSs. The research results presented the significance of 9 barriers 
responsible for poor implementation of TPM practices based on organisational culture 
aspects. The results specified that the highly important measures are related to five 
dimensions: senior management commitment; management style and empowerment; 
training and education; rewards and motivation and job satisfaction. With respect to 
the understanding of these barriers and obstacles in TPM implementation, the findings 
can contribute towards improved equipment operations and maintenance in power 
organisations. In this research study, the researcher has discussed the key technical and 
cultural factors that are critical to the successful TPM implementation in the Abu 
Dhabi power plants. These technical and cultural factors, combined, will structure a 
modern power plants culture for successful implementation of TPM programme. There 
is recognition that since this research is based on three case studies organisations, 
further work is needed to be able to assert more confidently that inference can be made 
to the wider Abu Dhabi power industry. Conversely, the researcher has presented the 
results of the hypothesised model testing through performing structural equation 
modelling, using partial least squares path analysis (SmartPLS software version 3.0). 
The research results indicated that power distance and masculinity/femininity 
dimensions had a direct negative and meaningful effect on employee empowerment. 
On the other hand, collectivism had a direct positive effect on employee 
empowerment. Furthermore, structural empowerment had a direct positive impact on 
autonomous maintenance participation in the power industry. Besides, the effect of 
uncertainty avoidance on structural empowerment was not statistically significant. In 
short, the findings confirmed the role of organisational culture and structural employee 
empowerment in participation of autonomous maintenance. This research will 
contribute to bridge the current gap in knowledge.  
Consequently, this chapter discussed a novel methodology including modelling and 
simulation to investigate the integration of artificial intelligence technologies (based on 
Optimising Total Productive Maintenance (TPM) and Asset Management Strategies through Artificial Intelligence 
(AI) Technologies: the Development and Enhancement of Abu Dhabi Power Networks 
363 
 
maintenance optimisation models) and TPM programme within the power industry 
environment. This proposed integration has supported participation of operators in 
maintenance activities based on their capability, skills and technical knowledge. The 
proposed methodology integrated methods and principles of prognostic, RCM and 
TPM and utilised diverse tools based on maintenance optimisation models to support 
operators in decision making through identifying new policies for machine 
maintenance or assessment and enhancement of existing maintenance plans. Based on 
FMECA analysis within AWB simulation, optimal PM interval was generated and 
maintenance costs of transformer tap changers were optimised. Based on the 
degradation analysis within ReliaSoft’s Weibull Simulation, remaining useful life of 
critical power assets (transformer paper insulation) was determined. The proposed 
maintenance optimisation models performed good simulation results, and the latter 
show that the proposed models are really a new contribution in the area of TPM 
implementation in the power industry. Simulation results are presented to verify the 
analytical approach and validate proposed operational procedures. With respect to the 
simulation results of power transformers, the findings can contribute towards improved 
equipment operations and successful implementation of TPM in power organisations.  
The researcher has developed a novel operational framework through three main stages 
(strategic, operational and development of maintenance KPIs, measurements and 
control). The proposed framework was based on RCM elements, which have 
information and decision worksheets. Integrating RCM within TPM framework led 
operators to define the right maintenance strategy with maintenance frequencies, 
through proactive maintenance tasks for all physical assets within their operating 
contexts. It is hoped the framework will drive successful implementation of TPM in 
the power industry, as well as supporting autonomous maintenance equipment 
operators in selecting their maintenance tasks, depending on criticality levels included 
in RCM decision sheets. In addition, the framework provided decision making analysis 
to operators through utilisation of AI technologies for conducting simulation and 
modeling to select the optimum maintenance actions with lower maintenance costs. 
The novel operational framework seeks to ensure that RCM supports TPM application 
in the Abu Dhabi power industry. 
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9.3 Meeting the Research Aim and Objectives 
The whole research questions were answered through attaining the main aim and 
objectives of this research study. Hence, "investigating the critical factors that affect 
successful implementation of TPM programme in the Abu Dhabi power industry 
environment", was the main aim of this research. Finally, this research aim has been 
attained successfully through fulfilling the research objectives. The detailed objectives 
of this research study are outlined accordingly as: 
In the context of the Abu Dhabi power industry: 
 
OB 1. To critically review the critical characteristics of the current maintenance 
practices (processes orientation) and organisational culture. 
The researcher has been reviewed the relevant literature to achieve the theoretical and 
critical understanding of current maintenance practices and organisational culture that 
affect TPM implementation across power plant. Thus, chapter two has been covered 
the aspects and topics related to this objective such as: maintenance management, 
types and models of maintenance, maintenance strategy, characteristics of world-class 
maintenance, TPM concept, culture difference and its impact on maintenance, 
managing change in maintenance and the current maintenance practices in the Abu 
Dhabi power industry. In chapter three, section (3.4.1), the researcher provided 
summary about critical common barriers (technical and cultural) affecting TPM 
implementation through extensive and depth review of literature, see Table 3.1. 
Moreover, section (3.4.2) from chapter three delivered concise about critical success 
factors (CSFs) improving TPM implementation, see Table 3.2. On the other hand, the 
researcher has conducted qualitative approach (case studies) to identify the critical 
barriers of TPM based on current maintenance practices in the Abu Dhabi power 
plants. This approach involved semi-structured interviews with senior managers across 
three power organisations, observation of maintenance practices in power plants and 
review of maintenance policy and reports. The findings of this qualitative approach 
were discussed in chapter seven. Consequently, identifying the technical and cultural 
barriers affecting successful TPM implementation has been successfully achieved. 
 
OB 2. To determine the critical technical (processes orientation) and cultural barriers 
that could serve as obstacles towards the successful implementation of a TPM 
programme.  
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Based on the findings of the first objective of this research that provided the technical 
and cultural barriers affecting TPM implementation. The researcher has adopted 
questionnaire survey with operative staff (250 employees) across three power 
organisations to determine the critical TPM barriers. Descriptive statistics analysis was 
performed by researcher through using SPSS software to analyse the data. Mean score 
standard deviation are used to rank the critical barriers that affect TPM implementation 
in the Abu Dhabi power plants. The results of this quantitative approach were 
discussed in chapter seven. Consequently, determining the critical technical (processes 
orientation) and cultural barriers that could serve as obstacles towards the successful 
implementation of a TPM programme has been successfully achieved.      
 
OB 3. To examine the potential impact of organisational culture and structural 
empowerment on autonomous maintenance (operators) participation in 
maintenance activities. 
There was clear lack of operator’s empowerment in power plants based on the findings 
of the first and second objectives of this research. In addition, the researcher has 
conducted in depth literature (chapter two and three) to review and find any 
relationship between Hofstede’s (2003) national culture model, Kanter’s (1993) theory 
of structural empowerment and autonomous maintenance. He found that there is 
almost no research has tackled the issue of how culture affects the employee 
empowerment with autonomous maintenance (operators) participation in the power 
industry. Thus, the researcher has developed the theoretical framework and postulated 
specific hypotheses for the aforementioned relationships, refer to chapter four, section 
(4.10.3). He conducted a questionnaire survey with operative staff across three power 
plants. Structural equation modeling-partial least squares was performed to test 
hypothesis of research model. The results of hypotheses testing were discussed in 
chapter seven. Consequently, examining the potential impact of organisational culture 
on autonomous maintenance (operators) participation in maintenance activities has 
been successfully achieved. 
 
OB 4. To appraise the impact of effective prognostic technique (Predicting Remaining 
Useful Life) on successful implementation of TPM based on degradation analysis 
through utilising AI technologies.   
Based on the findings of the first objective of this research, there were clear barriers 
associated with maintenance replacement, analysis of CMMS data and utilisation of 
Optimising Total Productive Maintenance (TPM) and Asset Management Strategies through Artificial Intelligence 
(AI) Technologies: the Development and Enhancement of Abu Dhabi Power Networks 
366 
 
maintenance optimisation models (simulation and modeling). In addition, the 
researcher has conducted in depth literature (chapter two and three) to review 
prognostic and degradation analysis, AI in maintenance, maintenance under industry 
4.0 context and maintenance optimisation models. He found that an important gap in 
current knowledge on the impact of effective prognostic techniques (Predicting 
Remaining Useful Life) on the autonomous maintenance participation within power 
industry context. Furthermore, he performed modeling and simulation through using 
ReliaSoft Weibull++ simulation and historical degradation data of power plants to 
enable operators to predict potential failure of critical power assets (like power 
transformers) based on degradation analysis. The results of simulation and modeling 
were discussed in chapter seven. Consequently, appraising the impact of effective 
prognostic technique (Predicting Remaining Useful Life) on successful 
implementation of TPM based on degradation analysis through utilising AI 
technologies has been successfully achieved. 
 
OB 5. To examine how the role of Reliability Centred Maintenance (RCM) supports   
successful implementation of TMP based on selecting optimum maintenance 
interval and costs through utilising AI technologies. 
Based on the findings of the first objective of this research, there were clear barriers 
associated with optimal maintenance strategy and costs, analysis of CMMS data and 
utilisation of maintenance optimisation models (simulation and modeling). Moreover, 
the researcher has conducted in depth literature (chapter two and three) to review 
RCM, FMECA analysis, AI in maintenance, maintenance under industry 4.0 context 
and maintenance optimisation models. He found a significant gap in current 
knowledge on how the role of RCM (quantitative approach) supports successful 
implementation of TMP through participation of autonomous maintenance within the 
power industry context. Furthermore, he performed modeling and simulation through 
using AWB Monte-Carlo simulation and historical failure data of power plants to 
enable operators to select optimal maintenance policy for on load tap changers of 
power transformers based on RCM costs optimisation. The results of simulation and 
modeling were discussed in chapter seven. Consequently, examining how the role of 
RCM supports successful implementation of TMP based on selecting optimum 
maintenance interval and costs through utilising AI technologies has been successfully 
achieved.  
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OB 6. To develop an innovative operational framework to enable its organisations to 
implement successful TPM programme. 
Based on study findings cumulatively and the developed framework in chapter three 
(section 3.4.4), the researcher has developed a novel operational framework. This 
framework intends to overcome the organisational culture barriers and empower 
operators to carry out maintenance tasks effectively and hence asset performance 
managers can implement TPM successfully in the context of power industry. 
Furthermore, the researcher has conducted structured interviews with senior academics 
in TPM, consultant in RCM, practitioners from power industry to refine and validate 
the proposed operational framework. The participants were asked to give valuable 
comments regarding clear lack of delegation of authority and responsibility to 
autonomous maintenance in power plants to validate this research findings from both 
the questionnaire survey and the case studies. The findings of interviews support the 
utilisation of this framework within power industry due to its clear operational steps 
and suitability, refer to chapter eight (section 8.6). The participant AX1 – Head of 
Engineering School reported that “The framework is detailed, comprehensive and 
covers the ‘activities’ required to develop and introduce a new approach to 
maintenance management”.  Consequently, developing an innovative operational 
framework to enable its organisations to implement successful TPM programme has 
been successfully achieved.  
9.4 Original Contributions to Knowledge 
There is a clear lack of previous studies associated with TPM implementation in power 
industry in general and in particular within power plants at Gulf region countries. The 
findings of this research enrich and contribute towards the existing knowledge about 
TPM in the parlance of maintenance management, with particular reference to Abu 
Dhabi-based power industry organisations. Similarly, this research is also expected to 
benefit other power organisations that are looking to improve and optimise their 
maintenance strategies. This research study has comprised several original contribution 
to existing knowledge. The contributions of this research have been divided into two 
perspective, one as theoretical perspective and the other as empirical perspective. 
Theoretically, the importance and significance of this research study is clear for the 
subsequent: 
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 To the best knowledge of the author this work is the first research in the UAE that 
focuses on TPM implementation and its barriers within a power industry 
environment. Thus, it has contributed to close the knowledge gap in UAE studies 
in specific and in Arabic studies (Gulf region countries) in general due to the 
resemblance of environment and culture context; 
 
 The common barriers associated with cultural and technical barriers that affecting 
TPM implementation have been identified and supported through many authors 
experience and research from the literature survey. These barriers were 
summarised and tabulated, see Table 3.1; 
 
 The CSFs factors that enable industrial organisations to implement TPM 
successfully have been defined and supported through many authors’ findings from 
literature review. These CSFs factors were summarised and tabulated, see Table 
3.2; 
 
 Defining the characteristics of maintenance culture within the Abu Dhabi power 
industry context through demonstrating unique technical and cultural barriers 
affecting TPM implementation within the three case studies organisations 
(generation, transmission, and distribution). These unique barriers (are summarised 
in Table 5.1 and Table 5.2) have not been indicated in the review of literature. 
Thus, this research study contributes to the area of obstacles affecting TPM 
implementation in power plants;  
 
 Development of an innovative operational framework for TPM implementation in 
power organisations was introduced (see Figure 3.2). It was modified based on 
study findings cumulatively and presented in Figure 8.1;  
 
 The researcher proposed a new method in conducting analysis of statistical 
techniques for selecting optimal maintenance strategy as well as estimating RUL of 
critical power plants through participation of operators in maintenance activities, 
especially within power transformers. Thus, this research study has utilised an 
original and novel methodology to perform modelling and simulation. This 
methodology aims to investigate the integration of artificial intelligence 
technologies (based on maintenance optimisation models) and TPM programme 
within the power industry environment. Many tools and techniques have been 
developed and applied in other fields. However, the applicability of those tools to 
maintenance function through TPM has never been tried. In that respect this 
methodology is new. It helps in managing maintenance and TPM programme more 
effectively, given its growing technical and technological complexity.  
 
The need to conduct empirical studies on TPM implementation within power plants is 
a contribution to knowledge. In addition, The novelty of this research entails the 
following aspects (empirically): integrating RCM within TPM framework, 
empowering operators to selecting the optimal maintenance strategy with lowest 
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maintenance costs based on utilisation of AI technologies (AWB Monte-Carlo 
simulation) and predicating RUL of critical power plants through enabling operators to 
utilise maintenance optimisation models (ReliaSoft Weibull++ simulation and 
modeling). Therefore, the empirical studies of this research work have significance as 
the following:  
 
 To the best knowledge of the author this work is the first empirical research on 
examining the potential impact of organisational culture and structural 
empowerment on autonomous maintenance (operators) participation in 
maintenance activities using technique of partial least squares-structural equation 
modeling (PLS-SEM);  
 
 To the best knowledge of the author this work is the first research on appraising the 
impact of effective prognostic technique (Predicting Remaining Useful Life) on 
successful implementation of TPM based on degradation analysis through utilising 
AI technologies (using ReliaSoft Weibull++ simulation);  
 
 To the best knowledge of the author this work is the first research on examining 
how the role of RCM supports successful implementation of TMP based on 
selecting optimum maintenance interval and costs through utilising AI technologies 
(using AWB Monte-Carlo simulation);   
 
The implementation of the TPM programme in power plants was developed and 
introduced. In addition, the knowledge gap was closed with the interactions between 
operators and utilisation of maintenance optimisation models in power plants. This 
kind of TPM implementation within power industry was not indicated in the review of 
previous literature. Thus, this research contributes to the existing knowledge of TPM 
implementation in maintenance management literature.  
Furthermore, the key stakeholders of the research are operations and maintenance 
practitioners, asset managers and regulators of energy companies across Abu Dhabi 
power industry. Research findings may help them to understand and develop new asset 
management strategies for overcoming potential obstacles that could affect the 
successful TPM implementation and other maintenance strategies. Development of 
these new strategies will result in decisions leading to optimum solutions from both 
technical and managerial perspectives, and towards optimising the reliability, 
availability, performance and maintenance costs of power plants. Findings of case 
studies indicate where maintenance and asset performance managers should focus their 
efforts. The key stakeholders may benefit from the implementation of AI and industry 
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4 technologies across power plants through utilising an innovative operational 
framework that developed in Chapter 8 for TPM programme.  
9.5 Recommendations  
The author categorised the recommendations of this research into two main groups. 
Based on the research findings, suggestions and recommendations to implement TPM 
successfully were proposed for practitioners in the Abu Dhabi power industry (first 
group). On the other hand, the second group discussed the recommendations of further 
research based on findings revealed in earlier chapters.  
9.5.1 Recommendations for Practitioners (Abu Dhabi Power Industry) 
According to Farrell et al. (2016) when the research has compelling findings that 
would benefit industry, then recommendations need to be reported for that audience. 
Thus, this research comprised several recommendations to practitioners in the Abu 
Dhabi power industry as the following: 
 Senior management of power organisations should support maintenance 
optimisation strategies through increasing their commitment towards development 
and continuous improvement;   
 
 Environment of power plants should avoid the high level of uncertainty to 
overcome any resistance to change and adopt innovation initiatives. This 
environment needs to build trust between supervisors and upper management 
through having structured communication channels between employees and higher 
management; 
    
 Senior asset managers should change the current maintenance strategy by adopting 
mix of modern maintenance practices like TPM, RCM, predictive maintenance and 
condition monitoring techniques (off and on-line). In addition, the maintenance 
policies should be periodically reviewed by experts in asset management to ensure 
that they reflect existing practices; 
 
 The current asset replacement policy should involve a clear strategy based on a real 
quantitative assessment of asset health index rather than qualitative evaluation. 
This will enable the decision makers to take the appropriate actions whether to 
replace, make a rehabilitation or decommission aged assets;  
 
 Senior managers should deliver structural empowerment to employees through 
providing delegation of authority and accessing to resources, organisation’s 
information and support. This will result in improving the self-esteem and 
autonomy of operators and hence they can participate in decisions making for their 
daily maintenance activities; 
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 Power organisations should enable field staff to access the maintenance policy, 
standard operating procedures of power plants operations, OEMs and maintenance 
manuals easily through securing these documents in locations of power stations 
and in soft copies within CMMS system;     
 
 Operators and maintenance personnel should record all the information related to 
maintenance activities such as: MTBF, MTTR, repair costs and off-line condition 
monitoring data within CMMS system. In addition, the asset performance 
department needs to review and check the accuracy of recorded maintenance data. 
This will result in having high quality of data accuracy and generating effective 
analysis reports of assets performance; 
 
 Power organisations should conduct failure analysis of critical assets through 
utilising maintenance optimisation models based on AI technologies that involves 
simulation and modeling, mathematical formulation, critical analysis and multi-
criteria decision analysis. This kind of optimisation models will enable operators to 
select the optimal maintenance actions with lowest maintenance costs; 
 
 Human resources department should update their current policy through rewarding 
performance and motivating employees (operative staff level) to increase their 
productivity in the workplace. This policy needs to activate bonuses distribution of 
profits and hence power plants will reflect high job satisfaction between workers;   
 
 Employees in operations and maintenance departments should participate in 
generating, sharing, storing and applying knowledge related to maintenance 
optimisation activities (like AI and industry 4.0 for improving maintenance 
decision analysis);  
 
 Senior managers should increase the knowledge levels of operators through having 
a robust training system in maintenance and asset management. Thus, practical 
training center and attachment programmes in international companies or abroad 
are essential to perform autonomous maintenance;   
 
 Small group activities should be established within power plants for specific 
improvement and continuous development (like group for power transformers 
maintenance improvements). These groups need to contain employees from 
different departments to review all the maintenance challenges and problems 
associated with equipment, and hence provide the optimal solutions to those 
challenges. Thus, proper communication channels between higher management 
and workers are required to extent teamwork effectiveness and increase the level of 
employee involvement. This effective communication will result in building trust 
and mutual understanding between them; 
 
 Power plants should design comprehensive KPIs measures to monitor and control 
the performance of power networks and productivity of maintenance crews. 
Network KPIs will optimise the reliability and availability of power plants. On the 
other hand, KPIs of maintenance crews will result in improving workforce 
utilisation through increasing multi skilling of employees; 
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 Power stations need to install fire alarms system and integrate it to operations 
control room. In addition, it is necessary to conduct periodic maintenance and 
inspection through assessing condition of power station’s buildings. This will 
improve safety levels associated with maintenance activities; 
 
 Internal and external audits during inspection, CBM and PM schedules should be 
conducted by asset management departments and international auditing companies 
respectively to check safety procedures and the quality of executing maintenance 
tasks. This will optimise the practice of total quality management across power 
plants;   
 
 Practitioners need to replicate this current research process of modeling and 
simulation approach with experimental method (using the same power plants in 
Abu Dhabi) to perform a quantitative comparison analysis and hence gain the 
greater understanding about the similarities and differences of both results from 
simulation and experimental outcomes. This will assess the validity of simulation 
findings.   
9.5.2 Recommendations for Further Academic Research 
Recommendations are articulated around further maintenance management research 
studies. These could be associated with bridging the existing gaps in current literature 
and knowledge, building of theory or retesting what has already been defined in this 
research. Consequently, Farrell et al. (2016) elaborated that recommendations need to 
mention one or two further studies to build new theory, test or retest based on the 
current research findings. They claimed that these further studies should describe the 
problem, state the research objectives/hypotheses and explain the research 
methodology and analytical approaches. Furthermore, based on findings revealed in 
this research study, the author proposed two separate future research study as the 
following:      
The author was observed that the existing literature mainly considers the three 
measures of OEE (availability, performance and quality) based on different categories 
of production losses. These measures identify process improvement areas related to 
effectiveness performance of equipment. However, according to Waeyenbergh and 
Pintelon (2002), this calculation does not provide a complete analysis as it neglects the 
component of profits and cost, thus limiting its applicability in comparison of 
competitive systems or machines. Garza-Reyes (2015) elaborated that OEE does 
present certain shortcomings and it has been found that OEE measurement does not 
account for equipment or system process characteristics. In addition, it lacks a practical 
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approach of selecting and calculating the right OEE measurements (Fekri Sari and 
Avakh Darestani, 2019). This further evidences the incomplete nature of TPM as a 
maintenance concept in the power industry. It could be argued that a wider 
classification of losses is necessary for OEE to help improved machine utilisation 
understanding. Also, diverse industries and business domains are affected by different 
OEE measurement levels and factors. Although OEE is a powerful metric in 
manufacturing sectors, it cannot be used in service industry due to its weaknesses. 
Willmott et al. (2019) elaborated that OEE metric has limitations within service 
industry like power organisations due to difficulties in calculating both performance 
and quality measures associated with power plants. Thus, this further research aims to 
identify the recognised OEE metrics within power plants by utilising smart systems 
techniques. It is required to propose new OEE measurements that fit with power 
industry context like the system average interruption duration index (SAIDI) and 
system average interruption frequency index (SAIFI). These indexes are commonly 
utilised by power utilities as a reliability indicator for power plants (Chowdhury and 
Koval, 2009). According to Bamber et al. (2003), organisations have the flexibility to 
develop their own OEE classification framework oriented towards categorising losses, 
the framework should be in alignment with availability, quality, and performance 
components. This further study needs to include the proposed OEE measurements: 
availability (downtime measure), performance (substitute by MTBF measure), quality 
(substitute by MTTR measure) and reliability (SAIDI and SAIFI measures) to compute 
OEE of equipment within power plants using artificial neural networks (ANNs). The 
aforementioned measurements (data) will be collected both manually and 
automatically by operators. This proposed methodology intends to overcome some 
weaknesses of OEE through using intelligent system techniques like ANNs for 
calculating OEE and providing automated results. It also enables operators to 
participate in performing OEE calculation through using uncertain output and input 
measurement. This research will contribute to bridge the current gap in knowledge.  
On the other hand, this research has highlighted a significant topic on CMMS system, 
where further research would be beneficial. The importance of CMMS system to 
predictive maintenance was discovered in this research. Furthermore, the technology 
of automated systems is rapidly growing in several organisations and industries. In 
addition, performance of organisations in terms of TPM is significantly affected 
Optimising Total Productive Maintenance (TPM) and Asset Management Strategies through Artificial Intelligence 
(AI) Technologies: the Development and Enhancement of Abu Dhabi Power Networks 
374 
 
through utilising suitable system of information technology like CMMS, content 
management system, manufacturing execution system and enterprise resource planning 
(Willmott et al., 2019). Consequently, CMMS utilising information technology has a 
significant role in the systems of automating production. Jamkhaneh et al. (2018) 
clarified that CMMS supports maintenance productivity through enabling operators to 
report any critical failure faster and hence optimise the lifecycle of asset and 
maintenance costs. They demonstrated that the application of CMMS can contribute to 
successful implementation of TPM through providing accurate and prompt information 
associated with maintenance actions. However, there has been almost no research 
applied in this area within Middle-East power plants. Also, there is a clear lack of 
literature that explores the influence of CMMS on TPM implementation and therefore, 
this further research aims to examine the potential impact of CMMS systems and 
pertinent supportive maintenance factors on the successful implementation of TPM 
programme within power plants using a structural equation modeling approach. Data 
should be collected from professionals (operators and maintenance personnel) in the 
Abu Dhabi power industry using a postal questionnaire. Structural equation modelling, 
using partial least squares path analysis (SmartPLS software version 3.0), should be 
performed to test the hypothesised model. Participants in the study need to answer 
three main questionnaires: CMMS questionnaire, supportive maintenance factors 
questionnaire, and TPM implementation questionnaire. This research will contribute to 
close the existing gap in knowledge. 
9.6 Limitations and Criticisms of the Study 
This research study has achieved the main aim and objectives, although there were 
some unavoidable limitations. Thus, it is required to outline its delimitations explicitly. 
This study was limited to an exploration of the maintenance practices and 
organisational culture in the Abu Dhabi power plants. In addition, the sample size of 
interviews was small (16 interviewees across three power organisations) in the analysis 
of qualitative approach and this is based on the availability of resources and time. 
While, the recommended sample sizes for TPM implementation oriented studies are 
between 20-30 participants (Ng et al., 2012). However, the sample size with 16 
participants is deemed suitable (Haddad and Jaaron, 2012) and considered to have 
attained the process of saturation during analysis stage (Fusch and Ness, 2015). 
Optimising Total Productive Maintenance (TPM) and Asset Management Strategies through Artificial Intelligence 
(AI) Technologies: the Development and Enhancement of Abu Dhabi Power Networks 
375 
 
According to the aforementioned considerations and limitations, the findings cannot be 
generalised for other power utilities. While it might be possible to apply the findings in 
other regions across UAE power organisations, Arab and the Middle-East countries 
due to their similarities in workplace environment and culture. Another limitation is 
that the researcher decided to cluster respondent nationalities in the questionnaire 
design because most operative staff who work across Abu Dhabi power organisations 
are from countries such as Middle East (UAE, Jordan, Iraq and Egypt) and South Asia 
(India, Pakistan, Bangladesh and Nepal). However, this cluster approach did not allow 
the researcher to perform segmented statistical analysis through comparing the views 
of both regions with different nationalities (for example long-serving or older 
employees versus newer/younger). There was also no attempt to distinguish between 
Emirati respondents and expatriates since the inclusion of UAE in the Middle East 
cluster has made this impossible. The research findings identified that expatriate staff 
felt uncomfortable due to security of their job. There is a potential impact on morale 
arising from differences in treatment and career opportunities arising from the 
Emiratisation agenda and the effects of Emiratisation on HR policies. This agenda 
affects job satisfaction levels of expatriate staff and hence decreases workplace 
productivity. Furthermore, confusion in interpreting the masculinity dimension is 
another limitation in this research and the potential that this section’s questions (6.H: 
masculinity dimension) of the questionnaire may be flawed. Questions within this 
section which are entirely focused on it being more important for men versus women 
to have particular job roles, which undermines the testing of one of the hypotheses. 
Furthermore, this study had another limitation in considering only Abu Dhabi power 
companies. Thus, it is essential to conduct study across other multinational power 
utilities. On the other hand, this study had another limitation in taking only one type of 
critical power assets (power transformers) for modeling simulation analysis due to time 
restriction of this research (cross-sectional study). Another major limitation is the lack 
of high-quality and accuracy data of historical maintenance (such as failure rates, 
maintenance costs, MTBF, MTTR, etc.) within CMMS system. Although there were 
problems encountered in collecting historical maintenance information (data cleansing 
and filtering) for performing modeling simulation analysis  in this case studies, the 
author analysed and interpreted simulation results easily due to providing training from 
companies that designed and developed simulation (AWB - Monte Carlo simulation + 
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ReliaSoft’s Weibull simulation). The training costs and expenses were covered by the 
university. Furthermore, this research work cannot generalise the results of simulation 
modeling due to nature of maintenance practices within different environments of case 
studies. For example, degradation data of power transformers in Emirates compared to 
Europe countries have clear differences due to external factor like weather conditions 
(hot and cold weather). Also, bad maintenance practices compared with outstanding 
practices through professionals and specialists in maintenance can lead to a big 
variance with simulation results. The reason behind this variance is the stochastic 
nature of random repair times and arrival (transportation and logistics) time. Thus, 
generalisation of simulation results is difficult. Finally, the lack of empirical studies in 
the field of TPM across power industry presented a daunting challenge to academic 
researchers. The current review of literature does not offer a systematic overview on 
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Types and Models of Maintenance: 
 
 Breakdown Maintenance 
This is a type of maintenance strategy and it sometimes referred to as the ‘run to 
failure strategy’. It is performed when the machine is operated until it fails or its 
performance declines. It was mainly implemented in industrial organisations before 
1950. This kind of maintenance strategy has several disadvantages such as unplanned 
outages, high overhaul costs, excessive damage, high MTTR, and spare parts issues.  
 Preventive Maintenance (PM) 
This maintenance strategy was created in 1951 and is utilised to prevent machine 
failures, reduce maintenance costs, and increase the lifetime of the equipment. PM 
refers to the Time Based Maintenance (TBM) and it includes activities such as repair, 
replacement of damaged parts, cleaning, adjustment and tightening of bolts and nuts, 
and lubrication (Velmurugan and Dhingra, 2015; Jain et al., 2014; Wireman, 1990). 
Operation plants may also be investigated for signs and symptoms of deterioration 
during PM work. However, Chan et al. (2005, p.74) argued that PM does not have the 
ability to pursue overall operation efficiency due to its limit improve and develop 
techniques of equipment use. Further, the comprehensive system of PM needs skilled 
and well-trained inspectors who have the capability and ability to perform PM tasks 
based on the equipment’s history.  
 Corrective Maintenance (CrM) 
CrM system was established in 1957 and involves scheduled or unscheduled 
maintenance activities to prevent and avoid failures of equipment. It can, hence, be 
extended to achieve equipment improvement. Thus, faulty equipment can be easily 
repaired or its failures can be eliminated. The aim of CrM is to reduce machine failures 
and the level of its deterioration, while also improving machines safety, reliability, and 
maintainability. Van Horenbeek and Pintelon (2013) discussed that both PM and CrM 
decrease the level of plant component degradation.  
 Predictive Maintenance (PdM) 
Implementation of effective PdM can significantly improve safety, availability, 
performance, quality of equipment, reduce unnecessary scheduled PM tasks, and 
decrease maintenance expenses. 
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 Maintenance Prevention (MP) 
Jain et al. (2014) stated that MP was started in the 1960s and is performed unlike the 
development of new machines during its design stage. MP activities are generated 
based on the previous experience of equipment failures, feedback from operation areas, 
and product or service malfunctions. 
 Productive Maintenance  
PrM is used to optimise the productivity of plants and aims to increase the productivity 
of industrial organisations by decreasing the overall equipment expenses that are 
associated with entire life-cycle of machines from design, operation and maintenance 
stages to degradation of plant. The main characteristics of PrM strategy are 
maintainability and reliability of plant and cost awareness of maintenance actions. This 
kind of maintenance strategy is utilised to enhance equipment productivity through 
MP, CM, and PM.      
Maintenance Strategy  
Maintenance strategies have been well-defined by several authors (Swanson, 2001; 
Sherwin, 2000; Moubray, 1997). Pintelon and Gelders (1992) stated that maintenance 
strategies need to be selected based on several principles and factors which are: 
purposes of maintenance, equipment nature, work environment, and the patterns of 
work flow (focus on process or service). In addition, maintenance strategies 
classification may include PM, CM, PdM RCM, TPM, or a mix of these approaches 
(Velmurugan and Dhingra, 2015; Marcello et al., 2013; Nima et al., 2010; 
Waeyenbergh and Pintelon, 2002). Maintenance policies are the activities needed to 
perform strategies that deals with physical assets, management processes, and 
workforces (Campbell and Reyes-Picknell, 2006). 
Characteristics of World-Class Maintenance (WCM) 
The concept of World-Class Maintenance (WCM) was applied initially by North 
American organisations to deliver a positive impact on the maintenance functions and 
contribute to the business strategic vision. WCM incorporates best practices in 
maintenance functions and has an organisation strategic capacity to compete through 
effective equipment management throughout the service lifecycle (Kodali et al., 2009). 
Many researchers have provided different definitions of WCM. Labib (1999) stated 
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that employing a CMMS system would be an effective technique to reinforce decision-
making in companies striving to achieve world-class status through maintenance 
functions. He elaborated that this kind of system could be utilised to interpret the levels 
of trends and performance, based on which approaches can be formulated to reduce 
losses. Many authors (Kodali et al., 2009; Levitt, 2004; Smith and Hinchcliffe, 2004) 
have discussed the characteristics of organisations that adopted WCM. These 
characteristics are as follows: 
 Awareness of high management towards the importance of maintenance to the 
business strategy; 
 Establishment of effective communication and coordination between organisational 
departments; 
 Application of failure cause analysis such as FMEA, RPN, and prognostics 
techniques; 
 Senior management and maintenance staff employing patience; 
 Construction of teamwork culture and delivery of continual training; 
 Implementing benchmarking and continuous improvements; 
 Promotion of people empowerment and self-motivation; 
 Spreading knowledge sharing culture; 
 Emphasis on customer services; 
 Controlling maintenance costs and equipment availability; 
 Implementing effective management system such as CMMS;   
 Having instructions of maintenance procedures, standards, and policies; 
 Collecting and recording historical data of equipment such as time-failure.    
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Weibull Distribution  
O'Conner and Kleyner (2012) stated that the Weibull model can analyse any reliability 
data, hence it is the most essentially used in analysis to model a range of life behaviors. 
It has two parameters (shape β and scale η). It is a flexible model that can cover most 
failure rates, as well as model any stages of the bathtub curve. Further, this model is 
able to provide accurate failure analysis, as well as to predict the failure through its 
parameters. It can lead the right decision on the failed equipment before high failure 
rates occur. It is specified by a failure rate function λ (t) of the equation:  
 
                                                              2.1                                                                                                                                              
                                        
The reliability function R (t) which shows the probability of survival is derived from 
the failure rate function below: 
              
             2.2 
                                                                                                                   
It can be defined as a complimentary function F (t) to the reliability function R (t) as:  
F (t) =1-R (t) 
                                                                                                                                                
                                                                              2.3    
                                                                                         
 
Where:  
t= time.  
β= the shape parameter and Weibull slope.  
η= a scale parameter and characteristic life, or the time by which 63.2% of the items 
will fail. 
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The effect of β "shape parameter" on the Weibull model is one of the most significant 
aspects. The way it is specified by the plot, Weibull model with β < 1 indicates that the 
reliability of equipment increases and a failure rate decreases with time; it is also 
specified as infant mortality. Furthermore, there are a number of factors which cause 
this to occur such as human errors, defects, poor quality control, and design errors. 
When Weibull model with β equal or close to 1, there are random failures and the 
failure rate is constant. These random failures could be caused by various factors: 
human errors in maintenance, the stress on the equipment exceeding its strength, and 
foreign object damage. Weibull model with β > 1 indicates that the reliability of 
equipment is decreasing due to an increase in failure rates, it is also termed as wear-
outs. Further, there are different factors which make this happen such as corrosion, 
erosion, ageing, cracking, fatigue, oil leakage, and degradation of equipment parts. 
These include the three units of the typical "bathtub curve". Figure 1 clarifies the 
relationship between the bathtub curve and the slope β of the Weibull model 
(O'Conner and Kleyner, 2012).  
 
 
Figure 1 Relationship between the Bathtub Curve and the Slope β of the Weibull                                                                                                                                    
Source: (O'Conner and Kleyner, 2012) 
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History of TPM 
Japanese companies in 1953 instituted a PM research group to research the 
maintenance of equipment, which was constituted in 1962, post a mission to the USA. 
In addition, in 1969, the Japan Institute of Plant Engineers (JIPE) was formed, which is 
today known as the Japan Institute of Plant Maintenance (JIPM). JIPE in 1969, started 
to work with Nippondenso automotive component manufacturer, on the preventive 
maintenance issue. During this process it was decided to introduce a transition in 
operator roles and have them conduct routine maintenance, which according to Ireland 
and Dale (2001) marked the beginning of TPM. Correspondingly, according to Tajiri 
and Gotah (1992) despite TPM being propagated throughout Japan, it was adopted by 
only a certain number of factories. Nevertheless, towards productivity improvement, 
there was an accelerated TPM adoption due to Japan’s negative economic climate 
(Ireland and Dale, 2001).  
It was only in the early 1990s that Western organisations showed a keen interest in the 
TPM concept and implementation (Ireland and Dale, 2001). In western manufacturing, 
this successful TPM growth has been documented by several authors (Willmott 1994b; 
Bamber et al., 1999; Baglee and Knowles, 2010).  
Aims of TPM 
Wireman (2004) has recommended, various goals for TPM implementation, which are 
to be adhered by an organisation: 
 Equipment Effectiveness Improvement: This goal ensures that the main TPM focus 
of optimal equipment performance is achieved. It is essential that each equipment 
is performing at the design speed, operating at the design rate and concurrently at 
these rates and speeds, it is delivering quality service. 
 Maintenance Efficiency and Effectiveness Improvement: The cost efficacy of the 
maintenance activities is the objective of this measure. According to previous 
studies, nearly 1/3rd of the maintenance activities are futile and waste. Therefore, 
prevention of these can substantially lower the maintenance cost, which is an 
important TPM implementation element.  
 Early Equipment Management and Preventive Maintenance: This measure is aimed 
at the reduction of equipment maintenance. During their study, design engineers 
account for maintenance data, which can be beneficial in altering the amount of 
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maintenance performed. Although, the majority of companies fail to maintain this 
data.  
 Training programme for skill up-gradation of the staff involved: Proper training 
ensures that staff has the necessary skills to constructively perform in TPM 
environment, which is a basic TPM requirement. Thus, lack or limited employee 
job knowledge is not able to adversely impact the OEE.  
 
Operators’ involvement in routine maintenance: This allows operator ownership and 
assist them to perform fundamental equipment maintenance task for their own 
equipment. The main objective of this measure is to disengage the maintenance 
resources from routine tasks for highly technical TPM aspects.   
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Main Reasons for Resistance to Change 
Raymond (2013) has listed the common reasons for change resistance in individuals: 
 Lack of clarity on what or why it is happening - fearing the unknown; 
 Losing familiarity of the old way of working – disruption in habits; 
 Lack of conviction to perform in new functioning processes – confidence loss; 
 Feeling powerless with difference of ‘by’ and ‘to’ – control loss; 
 Fast paced movement of new things – mismatched timing; 
 Lack of stamina to handle new work pressure – overloaded with work; 
 Loss of status as old ways stand discounted – face loss; 
 Failing to comprehend the change – lack of purpose; 
 Fear of losing pay/benefits/job –economic loss. 
 
Effective Steps to Overcome Resistance to Change 
Hansson et al. (2003) provided effective steps to overcome change resistance during 
TPM and RCM implementation. The following are the various identified steps: 
 Support and leadership: ensuring the recognition of employees through the change 
and setting a visible example of change benefits to them, with a consideration of 
the work environment to keep employees motivated; 
 Strategic planning: This refers an all pronged approach towards change which 
integrates, RCM, TPM and TQM with the strategic priorities, goals, business 
strategy and organisation mission and vision. This, in turn, will result in the 
understanding towards change amongst the management and employees; 
 Planning the implementation: This refers to identifying change driving forces and 
barriers through defining the change scope clearly. Thus, with a deliberate 
participation of all concerned parties, the process becomes easier to monitor and 
follow-up; 
 Buying-in and empowerment: This primarily means to identify the specific want of 
each employee group and management and subsequently conducting empowerment 
activities, such as promoting employee ownership, independence, involvement, 
sharing responsibility, and job satisfaction;  
 Training and education: These activities oriented towards developing the skills, 
knowledge and employee competence promotes the awareness and understanding 
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of the change. Employees develop belief of company supporting their growth 
through investments in them; 
 Communication and information: This refers to openly communicating the change 
aims and goals to employees as meaningful information, which furthermore, 
promote employee involvement and understanding. The information should 
significantly impress the benefits to employees and the management from the 
change;  
 Monitoring and evaluation: This refers to integrating activities like, achieving 
quantified and measurable outcomes, continual process monitoring and follow-up, 
in the change process, which will further define the focus and scope clearly. These 
steps of continual assessment and monitoring shall provide results feedback and 
create a motivated management towards consistent implementation support and 
resources availability.  
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My name is Abdulla Alseiari; I am a researcher and currently undertaking PhD research in 
assets management and maintenance engineering within School of Engineering at University 
of Bolton in the United Kingdom. You are being invited to take part in a research study. 
Before you decide it is important for you to understand why the research is being done and 
what it will involve. Please take time to read the following information carefully.  
This research focuses only on two main issues: organisational culture and human factors 
(processes oriented) that could serve as barriers towards the successful implementation of 
Total Productive Maintenance (TPM) programme across Abu Dhabi’s power industry. This 
research aims to investigate the critical factors that affect successful implementation of TPM 
programmes in the Abu Dhabi power industry environment. The findings of the research 
would give invaluable guide to managers and decision makers in improving and optimising 
their assets management and maintenance strategies currently deployed across Abu Dhabi’s 
power industry. 
This semi-structured interview is part of this academic research project which aims to 
understand the current operation and maintenance practices and their relation to power 
substations networks. The success of the study depends very much on your cooperation to 
provide your answers to the given questions. Anonymity will be maintained at all times in 
compliance with the University of Bolton’s codes of conduct and best practice procedures for 
researchers carrying out such interview survey. Accordingly, your name or any personal 
details will not be divulged or included in any documentation at any time to preserve 
confidentiality. All information collected will be kept strictly confidential and privacy and 
anonymity will be ensured in the collection, analysis, storage and publication of research 
material. Data generated by the study will be retained securely in paper or electronic form for a 
period of five years after completion of the research project in accordance with the 
University’s policy on data Protection. 
What will I have to do if I take part?  
 
If you agree to take part, I will ask you to answer some questions.  There aren’t any right or 
wrong answers – we just want to hear about your opinions.  The discussion should take about 
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Do I have to take part?  
 
No, taking part is voluntary.  If you don’t want to take part, you do not have to give a reason 
and no pressure will be out on you to try and change your mind.  You can pull out of the 
discussion at any time.   
If I agree to take part what happens to what I say?  
 
All the information you give us will be confidential and used for the purposes of this study 
only. The data will be collected and stored in accordance with the Data Protection Act 1998 
and will be disposed of in a secure manner.  The information will be used in a way that will not 
allow you to be identified individually.  However, we must inform the University if, in the 
unlikely event, something you have said leads me to believe, that either your health and 
safety, or the health and safety of others around you, is at immediate risk.  
 
If you feel I have not acted appropriately after the discussion, and need help dealing with your 
feelings, it is very important that you talk to someone right away. 
For more details, please contact me: 
Abdulla Alseiari, University of Bolton, Deane Road, BL3 5AB, Bolton 
Tel: 00971502188779, 
E mail: aya1res@bolton.ac.uk 
If you are concerned about any aspects and wish to raise any issues for any reason before, 
during or after the survey, please contact my supervisor Director of Studies (DOS):  
Dr. Peter Farrell, Reader, University of Bolton, Deane Road, Bolton 




Your participation in this research to assist my studies will be highly appreciated. 
 
Kind Regards, 
Abdulla Alseiari  
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 SECTION ONE: Questions related to individuals and company details (5 
minutes):     
 
1. What is the type of your power organisation?  
2. What is your job title and role? 
3. How long you have been working in the power industry? 
4. What is your highest education level? 
5. What was the field of study of your last qualification? 
 
 SECTION TWO: Questions related to operations and maintenance practices 
(25 minutes):     
 
1. Does your organisation have a strategy vision and clear understanding of the scope of 
maintenance mission, needs and costs? If yes, please explain? If no, then Why? 
2. Can you give a brief description about current maintenance strategies for power assets?  
3. Can you give a brief description about current maintenance policy, standard operating 
producers for each maintenance task for power assets and maintenance planning 
schedules? 
4. Does your organisation have a health and safety and environmental policies? If yes, how 
your organisation can improve the safety procedures for maintenance activities? If no, then 
Why? 
5. How the operation and maintenance department record the maintenance information such 
as breakdown, historical data of power plants, failure classes, maintenance costs, and 
maintenance schedules? 
6. Does your organisation have a maintenance optimisation model based on artificial 
intelligence (AI) concepts to analyse the breakdown records, historical data, failure 
predication for critical assets and maintenance costs? If yes, please explain? If no, then 
Why?   
7. Does your organisation allow the participation of operators in maintenance activities? If 
yes, please explain? If no, then Why? 
8. Does the maintenance function have enough financial resources, spare parts, skills, 
methods and tools to conduct maintenance activities and performance analysis? If yes, 
please explain? If no, then Why?  
9. Does the organisation have key performance indicators (KPI) for maintenance activities (e. 
g. time to accomplish maintenance task, supportability, capability of maintenance staff, 
etc.)? If yes, please explain? If no, then Why? 
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10. Has your organisation implemented an internal and external audit on the maintenance 
activities of power assets? If yes, please explain? If no, then Why?  
 
 SECTION THREE: Questions related to organisational culture and human 
factors (30 minutes):     
 
11. Does senior management have commitment and support towards continuous improvement 
and development in maintenance area? If yes, explain? If no, then Why? 
12. Does your organisation support the change management philosophy for improving power 
plants maintenance? If yes, is there an effective procedure in place for monitoring the 
change? If no, then Why?  
13. Does your organisation empower their operations and maintenance staff through involving 
them in the organisation decision making process? If yes, please explain? If no, then Why? 
14. Do you think a language in the workplace has affected the coordination and 
communication between departments due to the multi-lingual and multicultural diversity 
of the organisation workforce? If yes, please explain? If no, then Why? 
15. How satisfied are you with the current co-operation and co-ordination between all 
departments of the organisation, and the level of external and internal communication 
network? 
16. How do you evaluate the current training systems for operation and maintenance staff? 
17. How your organisation encourage and implement the philosophy of teamwork and staff 
involvement for optimising power assets? 
18. Does your organisation designs processes to facilitate knowledge exchange across 
departmental boundaries? If yes, please explain? If no, then Why? 
19. Does your organisation have a rewards and motivation system in the workplace? If yes, 
how do you evaluate this current system and how it can effect on maintenance 
performance? If no, then Why? 
20. Does your organisation promotes participation in generating innovation activities for 
improving power plant maintenance? If yes, please explain? If no, then Why? 
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Survey Research and Questionnaire 
Greetings, 
My name is Abdulla Alseiari; I am a researcher and currently undertaking PhD research in 
assets management and maintenance engineering within School of Engineering at University 
of Bolton in the United Kingdom. You are being invited to take part in a research study. 
Before you decide it is important for you to understand why the research is being done and 
what it will involve. Please take time to read the following information carefully.  
This research focuses only on two main issues: organisational culture and human factors that 
could serve as barriers towards the successful implementation of Total Productive 
Maintenance (TPM) programme across Abu Dhabi’s power industry. This research aims to 
investigate the critical factors that affect successful implementation of TPM programmes in the 
Abu Dhabi power industry environment. The findings of the research would give invaluable 
guide to managers and decision makers in improving and optimising their assets management 
and maintenance strategies currently deployed across Abu Dhabi’s power industry. 
This questionnaire is part of this academic research project, which aims to understand the 
current operation and maintenance practices and their relation to power substations networks. 
The success of the study depends very much on your collaboration to provide your answers to 
the given questions. Anonymity will be maintained at all times in compliance with the 
University of Bolton’s codes of conduct and best practice procedures for researchers carrying 
out such questionnaire survey. Accordingly, your name or any personal details will not be 
divulged or included in any documentation at any time to preserve confidentiality. All 
information collected will be kept strictly confidential and privacy and anonymity will be 
ensured in the collection, analysis, storage and publication of research material. Data generated 
by the study will be retained securely in paper or electronic form for a period of five years 
after completion of the research project in accordance with the University’s policy on data 
Protection. 
What will I have to do if I take part?  
 
If you agree to take part, I will ask you to answer some questions.  There are not any right or 
wrong answers – we just want to hear about your opinions.  The survey should take about half 
an hour at the longest.  Please note that some of the questions may relate to your personal 
experiences. 
Do I have to take part?  
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No, taking part is voluntary.  If you do not want to take part, you do not have to give a 
reason and no pressure will be out on you to try and change your mind.  You can pull out of 
the discussion at any time.   
If I agree to take part what happens to what I say?  
 
All the information you give us will be confidential and used for the purposes of this study 
only. The data will be collected and stored in accordance with the Data Protection Act 1998 
and will be disposed of in a secure manner.  The information will be used in a way that will not 
allow you to be identified individually.  However, we must inform the University if, in the 
unlikely event, something you have said leads me to believe, that either your health and 
safety, or the health and safety of others around you, is at immediate risk.  
 
If you feel I have not acted appropriately after the discussion, and need help dealing with your 
feelings, it is very important that you talk to someone right away. 
For more details, please contact me: 
Abdulla Alseiari, University of Bolton, Deane Road, BL3 5AB, Bolton 
Tel: 00971502188779, 
Email: aya1res@bolton.ac.uk 
If you are concerned about any aspects and wish to raise any issues for any reason before, 
during or after the survey, please contact my supervisor Director of Studies (DOS):  
Dr. Peter Farrell, Reader, University of Bolton, Deane Road, Bolton 




Your participation in this research to assist my studies will be highly appreciated. 
 
Kind Regards, 
Abdulla Alseiari  
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Power transformers have two windings: high voltage winding and low voltage 
winding, shown in the below Figure 2. The material used in the insulation system of 
these copper windings is Kraft paper immersed in mineral oil. The aging transformer 
under the load can lead to oil and paper insulation degrades. The result of this situation 
will lead to catastrophic failure in electrical networks. 
Figure 2. Failure of paper insulation of power transformer 
 Source: (Lelekakis et al., 2012) 
 
The power transformer tank contains paper, and its function is to insulate the two 
windings (high and low). This paper is made from a cellulosic material such as wood 
pulp. Over a period of time, high temperatures, water, and oil acids could potentially 
degrade the paper and hence the windings of the transformer could eventually fail. 
This paper has polymer chains and glucose rings which are linked together and 
repeated. Moreover, monomer is shaped from the repeating unit of glucose and has an 
average number of glucose per chain; this is known as the degree of polymerization 








Figure 2. Cellulose Chain 
Source: (Lelekakis et al., 2012) 
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The state of paper insulation is very strong (electrical and mechanical strength) when 
the DP value of the power transformer is 1000 and above. On other hand, when the DP 
value is around 200 or less, it reflects the weak condition of paper insulation and the 
paper is unable to perform its required functions; therefore the power transformer 
could fail within a short period of time. Furthermore, there are many factors that can 
affect paper insulation age: high temperatures (pyrolysis), moisture around the paper 
(hydrolysis), and acid and oxygen (oxidation) within the transformer oil (Lelekakis et 
al., 2012). Over many decades, oil-paper insulation has been used inside transformer 
tanks due to its good reliability and performance. However, over a long period of 
operation, transformer paper could degrade as a result of many factors (its ageing, 
rising energy consumption, electrical and thermal stresses). These factors therefore 
could result in a reduction in the DP value as well as a reduction in electrical and 
mechanical strength of power transformers (Wang et al., 2012). Paper insulation is 
therefore an important element in power transformers and its DP value gives an 
indication of when there are problems within internal parts. Condition monitoring of 
paper insulation, including its age (cellulose) helps to predict the remaining useful life 
of power transformers, and also identifies problems in their early stages, hence 
increasing transformer availability and reliability. In this way, asset managers can 
make informed decisions when authorising optimum asset replacements (Baird et al., 
2006).  
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Appendix J. Historical Data of Power Transformer Paper 
Degradation DP Values 
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Degradation Data of Paper Insulation in Power Transformers  






Date of S/D      Inspection 
Time (mon)
Unit ID DP Value Status
Abu Dhabi 24 M20-AD-GRD 992 Very Good
Abu Dhabi 48 M20-AD-GRD 901 Very Good
Abu Dhabi 72 M20-AD-GRD 811 Very Good
Abu Dhabi 96 M20-AD-GRD 671 Good
Abu Dhabi 120 M20-AD-GRD 441 Good
Abu Dhabi 144 M20-AD-GRD 310 Fair
Abu Dhabi 168 M20-AD-GRD 287 Fair
Abu Dhabi 192 M20-AD-GRD 241 Fair
Abu Dhabi 216 M20-AD-GRD 221 Fair
Abu Dhabi 222 M20-AD-GRD 191 Functional Failure
Abu Dhabi 24 M64-AD-GRD 967 Very Good
Abu Dhabi 48 M64-AD-GRD 933 Very Good
Abu Dhabi 72 M64-AD-GRD 798 Good
Abu Dhabi 96 M64-AD-GRD 602 Good
Abu Dhabi 120 M64-AD-GRD 506 Good
Abu Dhabi 144 M64-AD-GRD 402 Good
Abu Dhabi 168 M64-AD-GRD 386 Fair
Abu Dhabi 192 M64-AD-GRD 321 Fair
Abu Dhabi 216 M64-AD-GRD 262 Fair
Abu Dhabi 222 M64-AD-GRD 200 Functional Failure
Abu Dhabi 24 M123-AD-GRD 981 Very Good
Abu Dhabi 48 M123-AD-GRD 954 Very Good
Abu Dhabi 72 M123-AD-GRD 867 Very Good
Abu Dhabi 96 M123-AD-GRD 631 Good
Abu Dhabi 120 M123-AD-GRD 402 Good
Abu Dhabi 144 M123-AD-GRD 306 Fair
Abu Dhabi 168 M123-AD-GRD 281 Fair
Abu Dhabi 192 M123-AD-GRD 213 Fair
Abu Dhabi 198 M123-AD-GRD 196 Functional Failure
Abu Dhabi 24 M137-AD-GRD 988 Very Good
Abu Dhabi 48 M137-AD-GRD 906 Very Good
Abu Dhabi 72 M137-AD-GRD 843 Very Good
Abu Dhabi 96 M137-AD-GRD 681 Good
Abu Dhabi 120 M137-AD-GRD 421 Good
Abu Dhabi 144 M137-AD-GRD 403 Good
Abu Dhabi 168 M137-AD-GRD 312 Fair
Abu Dhabi 192 M137-AD-GRD 271 Fair
Abu Dhabi 198 M137-AD-GRD 199 Functional Failure
Abu Dhabi 24 M196-AD-GRD 973 Very Good
Abu Dhabi 48 M196-AD-GRD 826 Very Good
Abu Dhabi 72 M196-AD-GRD 621 Good
Abu Dhabi 96 M196-AD-GRD 513 Good
Abu Dhabi 120 M196-AD-GRD 398 Fair
Abu Dhabi 144 M196-AD-GRD 243 Fair
Abu Dhabi 168 M196-AD-GRD 197 Functional Failure
Abu Dhabi Power Industry
Power Distribution Networks
CM Data (Power Transformer 33/11 kV - 20 MVA)
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Appendix K. Historical Data of Maintenance Costs for Power 
Transformer - OLTCs 
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Planned Outage              
(Down Time AED 400 Per 
Hours)










Total Cost (AED)                                                       
(Labour + Down Time + Spare Parts)
Loss of control supply 1 2 66 245 350 661
Motor fuse blown 1 3 99 245 25 369
Fault on coil of contactor of tap changer 
motor
2 3 99 490 200 789
Faulty contactor of tap changer motor 2 3 99 490 250 839
Tap changer motor not operating due to 
faulty overload relay
2 2 66 490 2000 2,556
Fault on the tap changer motor 3 3 99 735 2200 3,034
Tap changer compartment has oil Leak 2 2 66 490 180 736
Gear mechanism stuck 2 2 66 490 260 816
Faulty limit switch 1 2 66 245 38 349
Wrong tap position 1 2 66 245 Non 311
AVR control relay malfunction 7 2 66 1715 2500 4,281
14,741
On Load Tap 
Changer (OLTC)
Total Failure Costs (AED)
Function and Functional Failure of OLTCs 
The Current Maintenance Costs of OLTCs 
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Data of Failure Effects of OLTCs 
Data of Failure Mode of OLTCs 
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Appendix L. Structured Questionnaire for Refining and 
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Structured Questionnaire for Refining and Validating the Proposed 
Operational Framework 
 
Purpose of the Interviews:  
The interview seeks to refine the Operational Framework (OF) developed for the 
successful implementation of TPM programme within the power industry. 
 
Types of Questions:  
The questions will be in both “closed” and “open” formats to ensure effective coverage 
of the issues concerned. 
 
Sample:  
The sample will be mainly chosen from the following professionals:  
 Academics (2),  
 RCM Consultant (1), 
 Practitioners: Power Plants Managers and Senior Engineers (16). 
The total number of interviews to be conducted will be approximately (19). 
 
Background Information:  
 
1. Present Job Title/Role: 
 
      
………………………………………………………………………………………… 
 
2. Area of Expertise (e.g. Asset Management, Culture Change, Maintenance 
Management, RCM, TPM, Reliability Engineering, Condition Monitoring, 
Artificial Intelligence Applications, Performance Management etc.) 
 
      
………………………………………………………………………………………… 
      
………………………………………………………………………………………… 
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Evaluation of the Proposed Operational Framework (OF) 
 
Note: For questions 3 and 4, please indicate a relevant number (according to the Likert 
scale given - 1, 2, 3, 4 or 5) in the box provided.  
 
3. In your view, how do you rate the level of coverage or completeness (1 = very high 
level of coverage;  2 = high level; 3 = low level; 4 = very low level; 5 = not at all covered) 
in terms of the: 
 





3b. logic (e.g. flow of the activities – the sequence of activities and how it 
















4. In your view, how will you rate the level of understanding of the proposed 
operational framework (1 = very easy to understand; 2 = easy to understand; 3 = 
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5. Do you have any further comments/suggestions regarding the Operational 
Framework (consider any areas that you think may need to be 







6. To what extent would you recommend the framework for use on the service sector 
in the power industry? (1 = yes; 2 = probably yes; 3 = unsure; 4 = probably not; 5 =    
not) 
                                                      
 
 
7. From the findings of this study so far, there is a perceived lack of delegation of 
authority and responsibility to autunomous maintenance in most of the power 
plants where there is a clear lack of integration between the operator and 








Thank you for your participation and contribution in the survey 
 
 
